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Appendix A 

ALTERNATIVE GEOLOGIC ENVIRONMENTS 

For the near future ( 10 to 15 years) , the only method available for the 
permanent disposal of transuranic (TRU) and high- level wastes is emplacement 
in cavities mined in a geologic formation . Several types of geologic forma
tions shc:M p romise as burial environments--salt, crystalline rock, argil
laceous rock, and tuff . Which of these is to be used for a repository depends 
on when the choice among them is to be made: the longer one waits to make this 
decision, the greater the number of choices that are open . The time scales 
for these choices are surranarized in Chapter 3 of this document . 

As background material for the dis cussions in the main text of this doc
ument, this appendix briefly describes the properties of the four candidate 
types of rock . The U . S .  Department of Energy (DOE) is investigating these 
four media for possible use with high-level waste as well as the TRU waste to 
be received at the WIPP . Reflecting the investigations, this appendix in
cludes some dis cussion of p roperties like thermal conductivity that are crit
ical to the design of repositories for high- level waste, but are not of major 
importance to the WIPP . 

The current investigations of alternative geologic media are extensive, 
and this brief review is not intended to cover them thoroughly . A compre
hensive review of the candiaate geologic media appears in the draft generic 
environmental impact statement (GEIS) for the management of conunercially 
generated radioactive waste (DOE, 1979 ) .  Another recent review has been made 
by the I nteragency Review G roup (IRG) on Nuclear Waste Management, whose 
reports (IRG, 197 9 : IRG Subgroup, 197 8 )  contain recommendations about the 
choice of g�logic media. References to other reviews and to detailed data 
appear in the GEIS and in the IRG reports .  

After p res enting background material that explains the bases for choosing 
a rock medium, this appendix reviews each of the four candidate media. 

A.l GENERAL BASIS FOR CHOOSING A ROCK MEDIUM 

The selection of a specific medium depends on two major properties: geo
logic and hydrologic characteristics, which must resist forces that might ex
pose the buried waste to the biosphere, and structural characteristics, which 
must permit the constr uction of a mined cavity without disturbing the geologic 
and hydrologic characteristics .  A satisfactory rock medium must present lit
t le th reat that its hydrologic and geologic characteristics could provide a 
mechanism or pathway by which the waste could return to the surface in harmful 
quantities . 

The geologic characteristics are important because the purpose of a waste 
repository is to p rovide a place in which a solid material can be buried per
manent ly . As long as the material remains solid, it has litt le chance of 
leaving its place of burial because it can do so only if some process opens 
the earth to the depth of the burial point or if the surface is removed to 
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that depth. Therefore geologic formations that have been stable for long 

periods are sought for repository locations, on the assumption that the long
inactive disruptive forces in the earth there will remain inactive. 

Material buried in solid form might return to the surface in another way: 

by being engulfed in a stream of water that dissolves the material and carries 

it to the surface. Because the forces that influence the flow of underground 
water are less catastrophic (and potentially more likely) than those that might 
uncover a deeply buried solid, the hydrologic characteristics of a medium may 

have greater influence on its selection than the geologic characteristics. 

The structural characteristics of the rock are important because a repos
itory must be designed, constructed, and operated in such a fashion that it 

will not upset the geologic and hydrologic characteristics. Because a reposi
tory is an engineered structure, its ability to isolate the waste will depend 
on the material in which it is constructed. Consequently, the selection of 
the geologic medium must facilitate the engineering design of a structure that 
will have a minimum probability of releasing its contents. 

To be able to design the underground structure to minimize its impact on 

the hydraulic environment, the burial medium must be chosen with special atten
tion to its mechanical, physical, and chemical properties. In repositories 
that contain heat-producing waste, the burial medium must be able to withstand 
the thermal stresses induced by that waste. Furthermore, establishing an 

effective design requires anu.lytical models for the structure that take into 
account the properties of the geologic mediu�; without meeting this fundamental 

requirement, it would be extremely difficult to be confident that the design 
of the repository meets the funda�ental requirements. The ability to conduct 

the engineering analysis depends strongly on a thorough knowledg� of the prop
erties of a proposed medium. For this reason, the preferred medium must have 

well-studied !) ropert:ies. 

To decide in deta il ��ether the properties of a geologic medium are satis

factory requires that several questions be answered, i'1cludi:1g the following: 

• Nill the subsurf2ce structure be able to remain open and operable over 

the planned lifeti�e of the repository? 

• Can the structure be used for 1mste disposal without adversely 
�ffccting the surrouncing geologic and hydrologic environments? 

• Car. the structure be used without adversely affecting its own 

structuru.l integrity? 

• \Jill the structur2l material be adversely affected by heat, and will it 
react chemically Ni th the \:aste? 

• Hill the su:::rounC:ing geologic material react chemically with the waste? 

By revie\li:-:g these questions along with others, it is possible to identify 
specificall:• the important properties of a geologic medium. A.�ong the chem

ical propc::::ties, it is nccess2ry to understand the solubility ano. chemical 
stability of the rnediun, its ability to resist chemical change during heating, 
anc the corrosiveness of fluids it contains. Important mechanical 9rop0rties 
include tensile �nd compressive strength and stress-strain relationships as 
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expressed by elastic and bulk moduli. Important physical properties include 
thermal conductivity, thermal expansion, heat capacity, and decrepitation 
temperature. These properties are not known equally well for all the 

candidate media. 

In addition to knowing these basic data, it is important to have a well

developed mathematical model for predicting the mechanical behavior of a 

repository in the chosen medium. This model must predict the stresses, defor

mations, and temperatures that the geologic medium will experience. It must 
model the mechanisms by which the structure or its surroundings can fail; it 

can then test the conditions (stress, temperature, etc.) under which failure 
could occur. 

Each of the four sections that follow reviews a geologic medium in the 
context of this discussion. Table A-1 compares the three major geologic media 
according to a number of important properties. 

A.2 SALT 

When geologic i:!ledia were first evaluated for the emplacement of radio
active ��ste, salt was ju0ged to be the best choice for a nu��er of reasons, 
including long-term geologic stability, spatial predictability, suitability 
for engineering analysis, thermal and mechanical properties, ease of reposi
tory construction, freedom from circulating groundwater, chemical stability, 

and the existence of extensive masses of uniform material. The original re
port of a committee established by the National Academy of Sciences-National 

Research Council (19 57) recommended that salt be evaluated as a storage medium 
because it has excellent thermal and physical properties. The report pointed 

out that the ex istence of salt formations for several hundred million years 
demonstrates that they have been isolated from disturbing forces on the surface 

and fro� circulRting groundwater; consequently, there is an e�tremely high 
probability that they will remain isolated in the future. Other desirable fea
tures of salt f ormations are their uniform consistency, simple geologic struc
ture, and predictable stratigraphic character over large regions. Further

more, the mechanical anC: physical properties of salt are known \'.•ell enough to 
provi�� a good basis for the engineering analyses necessary for designing a 
repository. 

Experinents to confirn the evaluation of salt as a suitable geologic 
mediun he?an in 19 6 5  under Project Salt Vault (Bradshaw and �1cClain, 1971) , 
wtich operc:ted for 2 yec>.rs. Other cx)?eriments have been conducted ove'!: the 

past .::ecade at the Asse experimental repository in the Federal Republic of 
Ger�any (�uehn et al. , 1976 ) . The experiments have confirmed the basic under
standing of the fundamental properties of salt and the engineering analysis 

require d to design a repository in salt. 

Proj2Ct Salt Vault brought to the attention cf repository designers the 
phenomenon of brine migration: small amounts of brine that occur in salt 
(i.:�.uallv less than 1% by weight) :nove tmmra emplaced heat sources. It has 

been asserted that accunulations of brine in salt can lower its mechanical 
stre::gth. As long as the brine remains distributed, hm.;ever, its impact on 
strensth will be minimal. Migration pheno�ena and reduction in strength can 

be considered ?Otential problems only whe� elevatea te�peratures with lnrqe 
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Property 

Plastic ity 
Solubil ity 
Sor ptive capacity 

C ompressi ve strength 
Thermal d i ffusivity 
Thermal stabil i ty aga inst 

chemical decomposition 

Porosity 
Permeabi l i ty 
Water presence 

Cor rosiveness of 
indigenous fl uid 

Tecton ic stabil ity 

Geologic structure 

Hydrology 

Ava ilab ility 
Need to use explosives 
Unde rstanding of medium 

for r eposi tory use 
Waste rock 

Mathematical modeling 

Table A-1 .  Compar i son of Geologic Media 

Salt Basalt or granite 

BASIC PROPERTIF.S 

H igh None 
High Very low 
Low ( depends on Fai r  

impur iti es )  
Moderate H igh 

High Low 

High High; potent ial dewater-
ing of clay in basalt 

IN-SITU PROPERTIF.S 

0. 5\, interstitial 
Essent ially none 
I solated f rom flowing 

groundwater 
High 

Very stable 

Relatively simple 
areas can be found 

Moderately difficult 
to characterize 

1\, cracks 
Decreases with depth 
Present, open to 

flowing groundwater 
Low to moderate 

Very stable ar eas 
can be found 

Fracture systems 
often complex 

D ifficult to 
char acter ize 

PRACTICAL MATTERS 

Good 
No 
Well studi ed 

Reuse some ; pi l e  needs 
protection from 
e rosion an d r unoff 

Relatively simple; 
well developed 

Good 
Yes 
Not well studi ed 

Reuse some ; pi l e  
probably does not 
need protection 

Relatively complex; 
not fully developed 

Shale 

Var iable 
Very low 
High 

Moderate 
Low 
High; potential de

wate r ing of clay 

5-30\, cracks 
Very low 
Present, open to 

flowing groundwater 
Low to moderate 

Ver y  stable areas 
can be found 

Like salt 

D iff icult to 
character ize 

Good 
Possi bly 
Not well studied 

Reuse some; pi le 
needs protection, 
but less than salt 

Relatively complex; 
not fully developed 



thermal gradients are present. The migration of brine toward heat sources is 
being investigated to determine whether it can increase the water content of 
the salt near hot waste and affect the strength of the salt there. 

In a TRU-waste repository, reduced strength of salt due to the presence of 
brine is of minimal significance because little heat-producing waste will be 
emplaced there. For centuries underground mines have been built in salt; the 
stability of these mines has not been measurably affected by the presence of 
brine. The TRU waste in the repository will not provide significant heat
induced perturbing forces on the structure or its surroundings. 

The intrinsic properties that make salt an attractive medium include 
uniforr:\ly l�� permeability, high thermal conductivity, abundance in thick 
masses, and plasticity that enables fractures to heal themselves at feasible 
repository depths. However, the high so lubility of salt requires that exten
sive knc:Mledge of regional and site hydrology be obtained before a repository 
site is selected; it will be necessary to develop an understanding about pos
sible future groundwater flow at a chos en site. 

The solubility of rock salt in water is two orders of magnitude greater 
than that of any other candidate medium. If man-made or natural events caused 
a breach in the repository, circulating groundwater could release the radio
nuclides in the �raste, although the sorptive capacity of the g eologic materials 
along the flow paths would retarc the release of these nuclides. A thorough 
knCMledge of these sorptio� properties is required for the particular rocks 
and the particular grouncwaters at a repository. Generally, the sorptive 
capacity of salt is l<::M and dependent on the impurities in salt. 

Extensive salt mining in many locations around the United States ar.d abroad 
has resul tee in a well-developed salt-nining technology. One part:!.cular 
advantage associated with selt �ining is that, after shaft construction, 
explosives e.re not needed. Electr ica�ly powered continuous-!'l'lining l".lachines 
can construct the storage rooms; diesel-powe red carr:!.ers haul the nined s2lt 
to branch-corridor corwe:rors, which <:lre frequently e1:tenC:ed to keep the h:.uling 
distances as short as possible. 

Salt differs from basalt �nd shale in the potential environnental impacts 
of the we.Ste rock from mining that has to be stored at the surface. The 
surface-storage pile �·,'Ould have to be designed to linit wind erosion and pre
ci:r?itation runoff in order to nin5..raize potential environmental impacts during 
ana after repository O?erGtion. 

In surranary, salt is the best u�cerstooC': of all candidate geologic �edi2 
with respect to its possible use as a waste-repository medium, and it offers 
advantages in thermal properties and plasticity. It is found in many places 
in the United States (Figure A-1). 

'P •• 3 CRYSTALLINE ROCKS 

Bas.:ilt, grar.ite, anc other cryi:talline igneous and meta;norphic rocks have 
been proposed as geologic media for a repository; extensive deposits that have 
been stable for sillions of years exist in the Unitec"! States. The evaluc:>.tion 
of these media ia in an early stage of data collectio�, �na an effo:t is under 
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Figure A-1 . Map of rock-salt deposits i n  the U nited States. 

way to compile the information sys temat ically . The basic mechan ical properties 
(compress ive streng th , tensile streng th , modulus of elastic ity ,  etc . )  of these 
rocks hav� been established through laboratory tests . The proper ties of the 
agg regate are , however , considered to be substantially different from those 
of the small samples of whole rock because crystalline rocks are f ractur ed and 
cannot be reconstituted (unlike frac tured sal t ,  wh ich will "weld" under l itho
static p re ssure ) . It is technically possible to bu ild openings in crystalline 
rocks7 still under development are analytical procedures that will completely 
evalua te the impact of thermal loads on mine str uctures in such rock or the 
surround ing rock formations . 

Crysta lline rocks do not dissipate heat as well as salt does 1 the thermal 
conduc tivi ties of crysta lli ne rocks are about one-fourth that of sal t .  Each 
repository in crystalline rocks will be designed with heat loads adj usted to 
the thermal conduct ivity preva i ling at the s i te .  For some time heat transfer 
through crystalline rock has been considered a potential problem because the 
e ffec ts of c r acks on thermal conduct ivity are not well k nown 1 heat d i ssipation 
in a med ium with a random patte rn of cracks is presently d iff icult to analyze .  
Exper iments measur ing heat conduction i n  g ran i te are under way in Sweden and 
at the Nevada Test Site (NTS ) .  The te st at NTS showed that the cracks in NTS 
rocks a ffec ted the thermal conductivity by less than 1 0 % . Tests conducted at 
both locations confirm that temperature distr ibu tions in hard rock can be cal
cula ted with a h igh level of accu racy . 



Although large formations of salt , wh ile soluble in wate r ,  are impe rv iou s 
to the flow of water , large forma t i ons of crystalline r oc k s  are full of f r ac
tures that would prov ide conven ient path s for water flow . In a bac k f i lled , 
s e aled repos i tory built below the water table in crystalline r ock , the c r ac k s  
and vo id spac e s  may eventually f i ll with wate r .  Because the crac k s  throughout 
the f ormati on are most ly small , the ratio of water volume to r ock volume is 
small . Neve r theless , a major drawback is that it is not yet pos s i ble to cal
culate the total flow and ma ss transpor t  under the f r acture-flow cond i t ions . 
In add it ion , it  i s  not yet pos s i ble to iden t i fy the effects that thermal 
load i ng w i ll exe r t  on the flow of wa ter i n to or out of a sealed repos i tory .  
Techn iques for mak ing these calculat ions ar e be ing deve loped . 

Flow through a f r ac t u r ed med ium w i ll depend on the connec tedne ss and s i z e  
o f  the frac ture s .  The ir s i z e  is controlled to a lar ge extent by the normal 
stre sses ac ting ac ross the f r actures; s i nce these s t r e sses i nc r ease w i th depth , 
the permeab i l i ty of crystalline rock usually decreases wi th depth . Althoug h a 
model has not been e s tab lished to accu rate ly evaluate f r acture flow , exper i ence 
has shown that at depth s of 1 5 00 feet or mor e  below the sur face the frac ture 
permea b i l i ty is so low that it  may not be a s ign i f icant thr eat even when 
conservatively eva luated. 

Becau se the wa ter in crystall i ne roc k s  is mor e  mob i le than the wa te r in 
salt , it  may con tr i bu te to slow leach ing of the rad i oac t i ve nuc li des f rom the 
wa ste . Althoug h th is condit ion might appear to be a problem , the mag n itude of 
the p roblem is cHmin i shed because g r an i te and basalt have sorpt ive prope r t i e s  
that cau se the rad ioac tive eleraents i n  the wate r to b e  removed by chemical 
reac tions w i th the r oc k .  Fur thermor e ,  the typically low ion i c  s t r eng th of the 
water found in these for mations reduces the pos s ibility of adve r se effec ts on 
these sorpt ive proper t i e s .  Because o f  these f avorable natu ral condit ion s ,  it  
appears that the corr o s ion of  waste can is te r s  stor ed in a crystalli ne-rock 
repos i tory w i ll be slow; the can i st0r may ma i n ta in its integr ity over many 
hundreds of year s .  

l\ major d if f erence betHeen repos itor ies in crystalline r oc k  and in salt 
w i ll be in the methods of construc tion .  'i.1h i le it w i ll be pos s ible in salt to 
u se mi n ing mach ine s ,  crystalline rock will r equ i r e  dr i ll-and-blast techniques 
whose impac t on the i n tegr ity of a repos i tory is s t i ll unk nown . Such tech
niques might adversely affec t the roc k  Hith in a few mete r s  around the mi ned 
ope:ning s. S i nce the rock beyond th is affec ted vo lume w i ll prov i de the 
requ i r e d  iso lat ion ,  it is not clear that drill-and-blast construc t ion will 
a ffect the long-term i n tegr ity of a reposi tory . Exper imen ts w i ll be nece ssary 
to answer th is question . 

Hajor for mat ions of g ran ite and basalt ex ist  in the Uni ted State s; Figure 
A-2 shows the i r  g ene ral locat ions . Reconna i ssance stud ies  have shown that the 
attrac tive gran ite for mat ions include those in  New Eng land , the Rocky Mountain 
uplif t ,  the S ier ra Nevada Mounta in Rang e ,  the Appalach ian Mountains , and the 
Canad ian Sh ield in nor thern Minnesota and Wi scons i n .  The basalt format ions of 
i n te re st are the Colu!llbia Plateau Flood Basalts in Wash ing ton , O reg on , and 
Idaho . Bec au se both the g r an i te and the basalt format ions ar e extens ive , there 
is ample opportunity to f i nd s u i table s i te s .  Field stud ies on the s u i tab i lity 

of crysta lline rocks are be ing conduc ted by the DOE at the Hanford S i te, at 
the Nevada Test S i te ,  a nd in Sweden . Sweden and Canada also have s uch 
prog r aras . 
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Figure A-2. G ranite and basalt deposits in the United States.-

A . 4  ARGILLACEOUS ROCKS 

Argillaceous rock s, e spec i ally s hale s, have al so b een proposed as g eolog ic 
med ia for repos i tor ies. Ar g illaceou s rock s var y widely in the i r  charac te r is
t ic s: some shales are relat ively plast ic , with a h igh water content; other s 
are re lat ive ly br i t t le ,  with a low water content .  Becau se of the var iat ion in 
the i r  structu r e ,  these rocks vary wide ly in mechan i cal p roper t ie s .  The i r  
st reng th in a direc tion perpend icular to the layer s is  often substantially 
d i fferent f rom t he i r streng th parallel to the layer s .  Shales exh i b i t  good 
streng th proper t i es in compress ion but l i t t le or no str eng th under ten s i le 
load . Shales with a h igh water content may be h ighly plast ic, deforming 
s lowly under in- s i t u  stre sse s: wh ile good for clos ing cracks, th is  feature is  
poor for de sign ing, constructing, and ope rating a mi ne that mu st remain open 
for 20 year s .  The an isotropy of shale and the pos s ible var iat ions in its 
p roper ties make s hale reposi tor ies d i f f icult to model and analyze g ener i cally . 
S i te-spec i f ic analy ses and de signs will be necessary for each proposed shale 
repo s i tory .  

The abi l i ty o f  arg il l ac eous rock to diss ipate heat i s  comparable to that 
of cry stalli ne rock . While f ac i l i tating un iform heat flow , the presence of  
sub stanti al quan t i t ies of water in shale may set a re lat ively low upper limi t 
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on the temperature of the wa ste to avoid produc ing high-pressure gas through 
the conversion of wa ter to steam . The de sign of a repos itory in shale will  
adj ust the thermal output of  the wa ste to avoid th is possibility.  Exper iments 
w ith heaters have been conducted in two d ifferent types of shale . The resul ts 
of te sts in wet layered shale are cons istent with the above picture . Tests in 
nonlay ered low-wa ter-content shale indicate heat-d iss ipation charac ter istics 
similar to those of gran ite and basalt . These te sts confirm that temperature 
d istr ibutions in d i fferent types of shale can be ca lculated with an acceptable 
level of accuracy (Tyler et al . ,  1979 ) .  

Shale,  a mater ial of low in-situ permeability (Magara , 197 1 ) , is insoluble 
in wa ter ; it deforms under lithostatic load s ,  closing inherent jo ints . Because 
of these proper t i es , wa ter does not move eas i ly through shale ,  even though 
shale may conta in substantial quantities of formation wa ter . Although heat 
could produce a major dr iving force to move the water , mos t  of the wa ste to be 
rece ived at a TRU-wa ste repos i tory w i ll not provide such a heat load . 

Arg i llaceous rock s ,  like  crysta lline rock s ,  may provide an aqueous 
environment conducive to slow cor ros ive attack on the encapsula ted wa ste . 
Water entrapped in shale is of intermed iate ion ic strength , wh ich moderately 
inh ibi ts cor ros ive ac tion on can isters . Af ter a can ister ha s been penetrated, 
the dissolution of the wa ste inside would also be slow because of the 
intermediate- level ion ic strength of the wa ter . The presence of rad io
nuc lide s  in the water  will be mi tigated by two major fac tor s :  the slow rate of 
water .movement through the tight shale formations and the strong sorpt ive 
capac ity of the shale minerals , wh ich reduces the concentration of rad io
nuclides in the wa ter through chemical reac tions . 

The method s for construct ing a repos itory in shale will vary : the soft 
layered type of shale could be mi ned with mach ine s ,  wh ile the harder argil
lite s  migh t require dr ill-and-blasting techn iques . A major concern abou t the 
constr uc tion and operation of a repos itory in shale is the poss ible occurrence 
of squeez ing zones :  th in layer s of unusually sof t ,  pla st ic mater ial that could 
be squeezed by lithostatic forces into mi ned opening s .  A study of the Eleana 
ar gillite at the Nevada Test Site showed that a repos itory in th is type of 
formation would requi re substantial expend itures for necessary str uctural 
suppor ts under ground becau se of the pre sence of squeezing zones (Fen ix and 
Sc isson , 1978 ; Yaner and Owen , 1978 ) . 

Lar ge formations of argillaceou s mater ial are located in the Un ited 
Sta te s ; the largest is the Pierre Shale,  in portions of North Dakota , South 
Dakota , Colorado , Montana , and Wyoming . Figure A- 3 shows the locat ion of th is 
and other ma j or arg i llaceous formations in the Un i ted States . 

A . 5  TUFF 

Tuff is composed of mater ial ej ected from volcanoes ;  some of the best tuff 
formations are located in volcano caldera s .  I t  has only recently been con
sidered for repos i tor ies ; data on i ts suitabi lity have been gathered for ap
proximate ly 1 year . Figure A-4 shows reg ions in the Un ited States where tuff 
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Figure A-3 .  Deposits of argil laceous rock in the United States. 

depos i ts are found . None of the se reg ions are in the eastern par t of the 
countr y; mate r ial or ig inally e j ec ted from volcanoes there has metamor phosed 
and is not class i f ied as tuff . 

There ar e two types of tuff to consider . We lded tuff has low porosity , 
low permeab i l ity , h igh streng t h , g ood thermal stab i li ty ,  and moderate chemical 
sorptiv ity.  Nonwe lded tuff has h ig h  poros ity , low permeab i l i ty ,  high wate r 
content , low s t r eng th, g ood thermal stab i l i ty when dry ,  unusual thermal expan
s i on proper t i es , and extr emely h igh chemical sor ptivity . The f i r s t  invest iga
t i ons o f  these mater ial s  sugge st that they are promis ing med ia for the geologic 
d isposal of waste. 

Becau se of the proc e ss by wh ich tuffs ar e depos i ted , the we lded tuff is 
u s ually sur rounded by at least a par t ial envelope of nonwe lded tuff . If a 
repos i tor y were bu i l t  in such a for mat ion, the we lded tuff would prov ide h ig h  
mechanical streng th and thermal stab i l i ty wh ile the su r r ound ing nonwelded t u f f  
wou ld provide strong sor pt ion of rad ionuc lides . Th is ar r angement could be a 
near ly i deal set o f  mul t iple bar r i e r s  under the proper mineralog ical and 
hydrolog ic cond it ions . Becau se the ar r angement is complex , the eng ineer ing 
de s ign of a repo s i tory in t u ff w i l l  be d i ff icult; however ,  the bene f i ts could 
be signif icant . 
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F igure A-4. Tuff deposits in the United States. 
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Append ix B 

THE NATIONAL WASTE TERMINAL STORAGE PROGRAM 
AND ALTERNATIVE GEOLOGIC REX:;IONS 

The National Was te Terminal Storage (NWTS) prog ram of the U . S .  Depar tment 
of Ener gy (DOE, 1979 ) is d i rec ted at the development of fac il i t ies for the em
placement and d i sposal of h igh-level and transu ran i c  (TRU) waste w ith in deep 
geologic format ions in order to prov ide safe , long-te rm isolat ion of the waste 
f rom human ac t iv ities and f rom the env i r onment . The prog ram contains seve ral 
elements: 

1. Geolog ic stud ies to identify suitable geolog ic med ia and potent ial 
s i tes in var ious geograph ic regions . 

2 .  Analysis of the behav ior of rad ioac tive waste in cand idate geolog ic 
structu res .  

3 .  Eng ineer ing and design of operating repos itor ies and assoc iated 
spec iali zed equ ipment . 

4 .  Development of packag ing and stor age method s for unreprocessed spent 
fue l .  

Th is append ix d iscu sse s the nature and status of the f i r s t  program element 
l i sted above . 

B. l REX:;IONAL STUDI ES 

Si te-evaluation ac tivities i nclude geologic inve st igat i ons and s uppor t ing 
stud ies of the s ur face env i ronment . These star t on a broad nat ional scale and 
s ubsequently nar row to cand i date regions and then to investigat ions of areas 
within reg ions , f i nally resulting in wor k  at spec i f i c  site s .  The con f i rmation 
of a potential repos i tory s i te requi res a detailed study of the geolog i c , 
hydrolog ic , env ironmen tal , and soc ioeconomic charac te r i s t ic s  of the site . For 
a s i te to be acceptable ,  it mu st be e s tabl ished , in the framewor k of licensing 
regulat ions , that no cred ible c ir c umstances wou ld be encounte red that would 
resul t in re leases of r ad i onuc l i des from the emplaced wast� to the biosphere 
in  quant it ies that would const itute a hazard to the public . 

Geolog ic med i a  be ing stud i ed i nc lude salt domes ,  bedded sal t ,  g r an i te ,  
shale , and basalt .  These are found in many par ts of the Un ited State s .  Other 
mater i al s ,  s uch as tuff and car bonate r ocks , may al so meet tpe requi remen ts 
for a cand idate host rock . 

Most invest i gat ions of geolog ic disposal to date have cente red on salt 
f ormat ions , and the pr imary emphas is of the NWTS pr ogram rema i ns on salt dome s 
and bedded-salt format ions . Reg ional studies have been completed on the 
Permi an basin of the Central Un i ted States , the Sal ina reg ion ( compr ised of 
the Mich igan and Appalach ian basins)  in the nor theast , the Paradox ba s i n  of 
Utah , and the salt domes inland from the Gulf of Mex ico . In a dd i t i on ,  becuuse 
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they are DOE sites already committed to nuc lear pu rposes , the Hanford S i te 
in sou th-central Wash ing ton and the Nevada Te st S i te are be ing exami ned to 
dete rmi ne whether suitable s ites ex ist among the rock s they conta i n .  The 
status of the s i te-se l ec t i on stud ies is summar ized in Sect ion B . 3 .  Sec t ions 
B . 4  through B . 8  de scr ibe the reg ional studies and the wor k  at the Hanford S i te .  

B . 2  SAFETY STUDI ES 

A systemat ic eva luation of the safety and reliab i l i ty of geolog ic disposal 
of rad i oac t ive wa ste is requ i red in order to insure the v i ab i l ity of spec i f ic 
designs at spec i f i c  sites be ing considered for repos i tor ies . In the NWTS pro
g ram th is eva luati on is almost ent i re ly in terms of the d i sposal of commerc ial 
h igh-level wa ste . These stud ies conta in the following elements : 

1 .  Model s  for ana lyz ing d i sr upt ive events , both natural and man
induced . 

2 .  Thermal ana lysis models . 

3 .  Stud ies of inte rac tions between the emplaced wa ste and the surround ing 
rock and g roundwater . 

4 .  Wa ste-migra tion mode ls . 

5 .  Borehole-pluggi ng stud ie s .  

6 .  Systems ana lysis for link ing all those effec ts together . 

A basic prog ram conta ining these e lements , the Wa ste I so lat ion Safety 
Assessment Program (WI SAP) , is in progress . Th is program is independent of 
that used for the sa fety ana ly s is repor ted in Chap ter 9 of th is document ; one 
of its ta sk s ,  therefore , is to make analyses that para l lel the Chapter 9 
analyses . The pr i nc ipal purpose of the WI SAP , however , is to a id in the s i te
selec tion and site-charac te r ization ac tiv it ies of the NWTS prog ram and eventu
ally to enter into the envi r onmental a ssessments requi red by the Nat ional 
Env ironmenta l Pol i cy Ac t of 1969 for whatever sites are on the f inal list  of 
al ternat ive cand i date s i tes . 

B . 3  STATUS OF SITE-SELECTION STUD IES 

The ear liest da tes for the qua l i f icat ion of s i tes are a s  fo llows : 

Geologic med ium and location 

Bedded sa l t  ( other than Los Medanos ) 
Dome sa lt ( Gulf inter ior reg ion) 
Basal t (Hanford) 
Nevada Test S ite 
Other hard- rock s i tes 
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198 5 
198 3 
1984  
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B . 3 . 1  Gulf Inte r ior Salt Domes 

The Gu lf inte r ior salt-dome reg ion conta ins severa l  hund red dome s 
scatte r ed  ac ross nor thea stern Texas , nor thern Louisiana , and central 
Mis sissippi . Pick ing a site in th is reg ion amounts to pick ing a par t icular 
dom e ,  as they are d iscrete entities . At this point the ma in cr i ter ia are 
s i z e ,  depth to top ,  and the na ture of prev ious disturbanc e s .  Attent ion has 
been nar rowed to e ight domes ,  three each in Texas and M i s s i ss ippi and two in 
Lou isiana . Hydrologic  charac te r istic s ,  on the other hand , can be and ar e 
be ing stud i ed reg ionally . 

Most of the ear ly knowledge of these domes ha s been obta ined from the 
study and analysis of information from U . S .  Geolog ical Survey and state f i le s  
and of dr ill-hole , se ismic , and other geophysical data purchased from com
mercial i nterests . I nd i r ec t  geophysical methods , s uch a s  aer ial photo
grammetry and infrared remote sensing , have also been used . 

Ear ly fie ld evaluations resul ted in the e l imination of the Palestine Dome 
( Texas) in October 197 9 . Stud ies of the rema ining seven domes are continuing . 
They i nc lude hydrologic stud ies of the thr ee s ed imentary ba sins in wh i ch the 
domes occur as we ll as dome- spec ific geolog ic and hydrolog i c  studies . The 
unde r s tand ing of dome locations is be ing fur ther refi ned by g r avity surveys , 
high-reso lution se ismic re flec tion and refraction surveys , and bor ehole evalu
ations . All of the seven domes be ing inve st iga ted are considered to be tec
ton ica lly stabl e ;  no capable fau lts are known to exist in the i r  vicinity .  In 
la te 1980, two or thr ee domes w i ll be r ecommended f or fur ther examination in 
the " locat ion" study pha se of the si te-explora tion process . 

Salt domes appear to be viable alte rnat ives to bedded-salt s i tes . Several 
European countr ies ar e cons ider ing salt domes ser iously , and �he Federal 
Republic of Germany ha s oper a ted an exper imen tal reposi tory in a salt- flow 
str uc ture for 13 yea r s .  

B . 3 . 2  Hanf ord Basalt 

The Columb ia Plateau basalts cover a va st reg ion of central Wa sh ing ton , 
nor thern O regon , and we stern I daho ; much of it might in pr i nc iple be of 
interest for wa ste d isposal . For the practical reason that the Hanfor d Si te 
in the S ta te of Wa sh ing ton is al ready Fede ral land admin istered by the DOE for 
nuc lear pur pose s ,  the de ta iled invest igat ion of these basalts has centered on 
those of the Pasco ba s i n ,  in wh i ch Hanford lies . 

Geolog ic study of the area wa s begun mor e than a decade ago .  Studies in 
the p resent context star ted in 1976 ; s i nce then much mapping and geophysical 
wor k ha s been done , and 16 new ho les have been dr illed for cores , logg ing , and 
hydrolog ic te sts . 

. , 

The basic geolog ic str uc ture consists of a ser ies of lava flows separa ted 
by porou s ,  wa ter-bear ing be2 s .  There has been ess entially no mineral explora
tion in these basa lts , and the re is l i t t le prospec t for it . Th i s , plu s the 
extensivene ss of the flow s ,  implies that if any pa r t  of the str uc tu re prove s 
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sat isfac tory for waste d isposal , there will probably be a great deal of cho ice 
in s i te se l ec t ion . 

The use of basalt can rely but li ttle on exper ience and ana ly s is made for 
sal t .  There fore h igh on the p rog ram is the measurement of the phy s ical , ther
mal , and chemical proper t ies of the basa lt,  both alone and in the pre sence of 
g roundwa ter . A Near -Sur f ace Te st Fac i l ity is be ing bu ilt in the nor thea stern 
por tion of the Hanford S ite for in-situ te st ing , espec ially with elec tr ical 
hea ters.  

B . 3 . 3  Nevada Test S ite 

The Nevada Test Site (NTS)  is a large site , about 40 by 60 miles in s i z e .  
It lies in the Ba sin and Range physiog raph ic prov i nce and at the northern edge 
of the Mohave Desert  ecosystem. Elevat ions range from 3 0 0 0  to 7000  fee t ,  and 
the c l imate and b iolog ical features vary greatly w i th e levation .  

The pr imar y miss ion of the NTS i s  the underground te st ing of nuc lear 
weapons . I ndeed , it is the only te st s i te for th is purpose now ava i lable to 
the Un ited States . Because of the presence of residual fiss ion products and 
transu r an ic nuclides on the sur f ace and under the ground , the NTS is conuni tted 
for the inde fin ite future to retent ion and care by the U . S .  Government .  

The NTS conta ins a var i ety of geolog ic env ironments that might be con
s i dered for waste d isposal . Howeve r ,  potential inter fer ence with or by 
nuc lear te st ing restr ic ts areas that might be considered to those in the 
sou thwe ste rn por tion of the S ite . Four such areas are under cons idera t ion ; 
two are g r an i te area s , one is shale , and one is tu ff . 

All four ar eas have been invest igated by sur face geolog ic mapp ing and 
geophy s ic s ,  and two by dr ill ing . Dr i l ling into one of the g ran i te areas wa s 
d iscourag ing : the gran ite wa s encountered much deeper than ae romagnet i c  
surveys had implied.  The other area dr i lled was i n  tuff , and it cont i nues to 
look prom i s i ng .  

At present on ly the Yucca Mounta in loc at ion is being explor ed . Th is loca
tion is under la in by approx ima te ly 6 0 00 f eet of interbedded welded to nonwe ld
ed tuffs . An idea l 9eolog ic setting for a repos i tory in tuff is a thermally 
conduc t ive , mechan ica lly strong , we lded tuff enveloped by a low-permeab i l i ty ,  
h ighly sor ptive , nonwe lded zeolitized tuff . Field mapp ing , core dr illing ,  and 
geophysical survey ing a re in prog ress to a sse ss the extent to wh i ch these con
dit ions exist at Yucca Mounta in . A 600 0-foot core and hydrolog ic te st hole is 
being dr illed into the study area ; the resul ts w i l l  be cor rela ted w ith data 
from a 2500 -foot hole dr illed ear lier . The wa ter -bear ing propert ies of infer
red f r ac tu re zones in the Yucca Mounta in area w i l l  be eva lua ted by hydrolog ic 
te st ing and geophy s ica l survey s .  

The NTS i s  i n  se ismic r isk zone 2 ,  near zone 3 .  The Basin and Range pro
v i nce is we ll k nown to be se ismica lly ac t ive . It  is therefore nece ssary to 
find a block of mater ial that ha s su itable propert ies and is suff i c iently dis
tant from ac tive faul ts . Closely rela ted is the quest ion of vo lcan ism ;  12 to 
13 mi les sou thwe st of the NTS there is ev idence of volcan ic ac tiv ity as re
cent ly as 280 , 0 00 to 300 , 0 00 years ag o. 
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The hydrolog ic ch a r ac te r is t i c s of the NTS and its env irons are we ll 
stud i ed in the area s  u s ed or a ff ec ted by nuclear te sting but not in  the 
sou thwestern area be i ng cons i dered for wa ste d isposa l .  

B . 3 . 4  Paradox Ba sin 

Reg ional geology is st ill  be ing studied in the Paradox bas i n  in sou th
ea stern Utah and sou thwe stern Col orado . In add it ion ,  three hole s have been 
dr illed in a st ruc ture ca lled the Salt Valley ant icl ine , one of the salt 
di api rs of the ba si n .  The deepe st of the three was cont inuously cored to a 
depth of abou t 4000  feet . Several types of geophy sical logs have been run i n  
these holes , and open-hole inj ec tion ,  pumping , and swabbing hyd rolog ic te sts 
have been conduc ted . The mos t recent ac t ivity ha s been ver t ical se ismic pro
f i ling , in wh i ch a se ismic sour ce in one hole is detec ted in another hole . 

In the near future , at lea st two deep holes , one in the Gibson dome area 
and one in  the O i l R i dge a rea , w i ll be cored , logged , and ex tens ively te sted . 
Pre liminary re sults ind i cate that bedded-salt layer s  of suf f i c i ent volume are 
present at su i tabl� dep th s in the Utah por t i ons of the Paradox bas i n .  The 
area is be ing inv e s t i g a ted for histor ical ev idence of ear thquakes , espec i ally 
in the ba sin i tse lf . Stud i es of potential resour ce conflict and g roundwater
flow systems are also in prog ress . 

B . 3 . 5  Permi an Ba s i n 

Permi an bas i n  stud ies  have concentrated on the Texas Panhandle . There is 
essentia lly no Federal land in  the ar ea , and acce ss for dr ill ing and other 
d irec t field wor k is d i f f i cu l t .  Neve r theless a great deal of informa tion is 
ava i lable f rom g eophy s i cal mea su rements and holes dr i lled by o i l  compan ies , 
and the re have been a few holes dr i l led and logged by the NWTS prog ram on the 
ea st edge of the Pa lo Du ro ba s i n .  

B . 3 . 6  Salina Reg ion 

The Salina bedded- salt reg ion inc ludes par ts of Michigan , Ohio, 
Pennsylvan i a , New Yor k , We st Vir g in i a ,  and Ontar io.  Reg ional stud ies for the 
New Yor k and Oh io por tions of the Salina ba sin have iden t i f ied areas tha t 
a�ear to be geolog i ca lly f avorable to j u stify more deta i led investigat ions . 
The Mich igan por t i on of the Sa lina basin ha s not been stud ied in similar 
deta il ,  but i t  is known that Mich igan ha s salt b ed s  of suff ic i ent th ickness 
and extent at sui table depths to meet general spec ificat ions for wa ste 
repos i tor ies . No f i eld i nvestigations have been carr i ed out by the DOE in the 
Sa lina basi n.  Some field wor k in suppor t of reposi tory sit ing has been 
conducted in New Yor k and Pennsylvan ia by the U . S .  Geolog ical Survey . Much 
add itiona l in format ion is needed be for e a potential  reposi tory s i te can be 
i dent i f i ed in the S 3 l i na ba s i n .  At present , no pa r t  o f  the ba sin ha s been 
inve stigated enough for a j udgment of its acceptability as a repos i tory s i te . 
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B . 4  PERMIAN R:EX; ION* 

B . 4 . 1  Geology 

The Permi an reg ion is located in por tions of Texas , New Mexico , Ok lahoma , 
Colorado , and Kansa s ,  the ent i re region encompa ss ing app rox ima te ly 189 , 0 00 
square mi les { Figure B- 1 ) . The land sur face consists predominantly of flat 
pla ins and table lands , but some h i lly and low mounta inous areas exist ea st 
of the Midland basi n  in Texas and along the Wi ch ita Mounta ins uplift  in 
Oklahoma . Elevations range f rom 1500 to 2000 feet above the mean sea level in 
the ea ste rn por tion of the reg ion to 5000 feet above the mean sea level in the 
we st . 

The Permian reg ion has been tilted , wa rped , eroded , and invaded by at 
lea st one ma j or sea s i nce Permian t ime ( 2 80 to 220 mil lion years ago) . Rock s  
that preda te the Permian per iod show loca l  faulting and complex fold ing , but 
the Permi an and younger strata are v i r tua lly f ree of deformation and in most 
areas have a d ip of less than 0 . 5  deg ree . Most of the modern struc tures are 
probably of shallow or ig in and do not appear to re flect recurrent movement 
along Paleozoic or older struc ture s .  

The Permi an reg ion had a complex tec ton ic history dur ing the Precambr ian 
and Paleozoic Era s ,  culmi nating in the Wi ch i ta ,  Ouach i ta ,  and Ar buckle per iods 
of mounta in bu ild ing , all  of wh ich occurred dur ing the Pennsylvan ian per iod 
{approx imately 3 10 to 280 mil lion years ago) . It was in  th is tec ton ic f rame

wor k that the reg ion deve loped . A second per iod of mounta in bu i ld ing , re
fer red to as the Larami de orog eny , resul ted in the up lift ing of the Rocky 
Mounta ins j ust to the west of the Permian reg ion abou t 65 million years ago ,  
bu t th is a ff ec ted the reg ion very little .  In sununary , the Pennsylvan i an 
per iod of basin for mation and crusta l up lift  is the only major tecton ic ac tiv
ity that has a ff ec ted the Permi an reg i on since Precambr i an t ime , approxima tely 
1 billion years  ag o. Str uc tura l read justments since the Pennsylvan ian have 
had l i ttle e ffect on the post-Permi an rock un i ts ,  i ncluding the ex tens ive salt 
sequences . 

The entire Permian reg ion lies with in se ismi c r isk zone 1 ,  wh ich ind icates 
that g round r upture should not be antic ipa ted in the reg ion . Recorded se ismic 
ac tiv ity is low compar ed with that of most other par ts of the Un ited State s .  
Ear thquakes with mod i f i ed Mer ca lli intensi ties of V to VII are sca ttered 
spar sely over the reg ion . Of the reg ion unde r la in by sa lt , the only par t  tha t  
ha s undergone sign ifi cant ac tiv ity i s  the area on the flanks of the Amar i llo 
up lift  and along its we st-nor thweste r ly continuation across the Bravo dome and 
the Da lhart ba sin.  

The Permian reg ion ha s long been one of the major oil- and gas-produc ing 
reg ions of the Un i ted S ta tes . The hydrocarbon reservoirs of ea stern New 
Mexico and west Texas range from Ordov ic ian to Permi an in age .  Limestones 
depos i ted dur ing Permi an and Pennsylvan i an t ime served as stratig raphic traps 
for hydr ocarbons and have been the major produc ing strata in the S i lur ian ,  
Devon i an ,  and Ordov ic i an sy stems . Futu re exploration is ant ic ipa ted to the 

*Data from Env ironmen ta l Character ization of Bedded Sa lt Format ion and 
Over lying Areas of the Permi an Ba sin {NUS , 1979 a ) . 
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F igure B- 1 .  The Perm ian bedded-salt basin .  
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nor th of the presently produc ing f i elds in southeaste rn New Mexico . In re la
tion to the Upper Permi an salt-bear ing formation s ,  most of the dr i l ling for 
developmen t and explorat ion will be at depths greater than those of the salt 
formations . 

Major na tural gas fi elds are pre sent in we ste r n  Ok lahoma and the Texas 
Panhandle . There is some o i l  produc t ion in the area but far le ss than that 
of na tural gas . The hydrocar bon-produc tion zone s in we ste r n  Ok lahoma and the 
Texas Panhandle are ma inly lower Permian and Pennsy lvan ian strata. Most of 
the succe ssful wi ldcat wells have found produc tion hor izons in Pennsylvan ian 
and M i ssiss ippian strata , but deeper dr i l ling is find ing pr oduc ing zone s at 
depths of 25 , 00 0  feet in Silur ian and Devon ian systems . The pr inc ipal oil
p r oducing stratum is Pennsy lvan ian in age . Oil  is also produced along the 
south side of the Palo Dura basi n ,  along the crest of the Matador arch . Pro
duc tion is small from these basins . In add i tion to oil  and ga s ,  he lium is 
produced at thr ee loca l i t i es , and car bon d ioxide is produced from Pe rmian 
roc k s .  On the ba sis of cu r r ent lea sing and dr i ll ing ac t ivity , it is ant ici
pated that there will be explor a t ion and developmen t effor ts for hydrocarbon 
zone s below the Permi an salt formations in we stern Oklahoma a nd the Texas 
Panhandle . 

The southea ste rn Colorado por tion of the Permian reg ion suppor ts oil and 
gas production that is sma ll in compar i son w i th that of the other produc ing 
prov inces in the reg ion . Pr inc ipal hydrocar bon-produc tion zones for th is area 
a re Pennsylvan i an and M i ss iss ippi an strata.  Future dr i l l ing ac tivity in 
southea ste rn Colorado will be in Pennsylvan ian and Mississ ippian strata , wh ich 
a re strat ig raph ica lly below the Pe rmian salt formation s .  

-

Maj or na tural gas occurr ences extend nor thwa rd from we ste r n  Oklahoma and 
the Texas Panhandle into Kansas . Hydrocarbon-product ion zone s for the Kansa s 
por t ion of the Permian reg ion are in Cretaceou s ,  Permi an,  Pennsylvan ian , 
M i ssissippi an,  and Ordovic i an strata . It is exp ec ted that futu re dr i l l ing 
effor ts for Pa leozoic strata will continue at a high rate in sou thwe ste rn 
Kansa s .  He lium is also pr oduced in the Kansas por tion of the reg ion . 

Lign ite depos its occur in nor th-central Kansa s ,  al though produc t ion from 
th is area is spa rse � L ign i te has also be�n mi ned from limi ted seams in 
Cimar ron County , Oklahoma , for domestic heat ing purposes . 

Uran ium re sou r ces ere sca ttered in small deposits ac ross the south-central 
por tion of the Permi an reg ion in ea ste rn New Mexico, the Texas Panhandle , and 
we stern Ok lahoma . A few local depos i ts are a l so  present in the southea stern 
Colorado por tion of the reg ion . Produc tion ha s been small bec au se of the 
l imi ted size of the depos its . 

The re are no known meta l occurr ences within the Pe rmi an reg ion , though 
i r on and titan ium are found near i ts per iphery in Kiowa County , Oklahoma . 

The produc tion of var ious nonmeta ls ha s been , and cont inue s to be , one of 
the ma j or i ndu str ies in the Permian reg ion .  The nonme ta llic mineral industry 
in the reg ion inc ludes constr uc t ion mater ials ( e . g . , stone , sand and gravel , 
volcan ic ash,  and scor i a ) . These nonmetals are extr acted f rom depths of 
usua lly less than a few hundred fee t ,  and thus extr ac tion would not interact 
w i th the salt deposits under conside r ation . Evapor i te ( e . g . , potash and 
anhydr ite ) depos its ar e also located extens ive ly over much of the reg ion . 
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B . 4 . 2  Hydrology 

The Permian region ha s a semi ar id cl imate characte r i zed by low ra infall 
and r unoff ,  h igh evaporation ,  and f requent strong w i nds . The r ivers in  the 
reg ion genera lly r ise on the eastern slopes of the Rocky Mounta ins and flow 
sou thea stward ac ross near ly flat pla i n s , wh ich s lope ea s tward a t  5 to 15 feet 
per mi l e .  Ra infall and runoff increa se and evaporation decreases to the 
ea st .  The mean annual p r ec ip i tation var ies f rom less than 16 i nches in the 
we stern par t to abou t 30 inches in the eastern par t .  The mean annual runoff 
var ies f rom less than 0 . 2  to abou t 4 i nches f rom we st to ea st . The quality of 
many streams in the reg ion i s  poor because of na tural contami na tion ( salt , 
sulfate s ,  silt)  and man-made source s  (o il- field br i ne ,  feedlot dra i nag e ,  i rr i 
gation runoff , mun i cipal and industr ial d ischarges ) . In many area s , r iver 
water is unsu i table for most mun ic ipal ,  i ndustr ia l , and agr i cultu ral wa ter
supply pur poses . Al though major floods occur infrequently , loca l i z ed flood ing 
may occur a s  a resul t of i ntense local prec ipitation .  I n  most area s ,  such 
floods are character ized by rap idly r is i ng and fall i ng peak d ischarges and 
h i gh water veloc i tie s .  Flood ing is contro lled or mitiga ted by reservoirs  and 
flood-control dams on many streams in the region .  Reservoirs are also used 
for min imum fl ow ma i n tenance . 

The largest single user of wate r in the reg ion is ag r iculture (about 8 7 %  
o f  the total consumption ) . Dome stic use s ,  manufactur ing , and steam
elec tr icity generation account for most of the rema ining water consumption . 

Because of the l imi ted ava ilability and var iable qua lity of sur face wa ter , 
groundwa ter has become the dominant water resource in the reg ion . Sixty-three 
per cent of the water w i thdrawn in the region comes f rom groundwater . Aqu ifer 
types inc lude stream-va lley alluvium :  te rrace alluv ium ;  carbonate and gypsum :  
s a nd  and sand stone : and und i fferentiated sand stone , carbonate rock , shale , and 
basa l t .  The Oga llala aquifer is a te rrace-alluv i um aquifer extend ing from 
southwe st Texas ac ross par ts of New Mexico and Colorado, and we stern Colorado , 
Oklahoma , and Kansas . It  is the most impor tant source of wa ter in the reg ion 
and is one of the most i ntens ively developed in the Un i ted Sta te s .  The zone 
of satura tion ranges from a few feet to more than 250 fee t ,  and the depth to 
water ranges f rom le ss than 50 to more than 300 feet . The yields of we lls 
range up to 1500 ga llons per mi nute ( gpm) , depend ing largely on the satura ted 
th ick ne ss .  The water is genera lly of good quality but can be hard loca lly .  
Vir tua lly all o f  the wi thdrawa l i n  the heav i ly pumped area s comes from stor age 
( i . e . , the water is be ing mi ned) . 

Alluv i um and terr ace depos i ts repre sent depos its of the ma jor streams 
f ormed dur ing the per i od of d i ss ec tion of the High Pla ins and cons ist largely 
of rewor ked mater ial der ived from the Ogallala Formation .  The alluvium and 
ter r ace depos i ts a re near ly conti nuous along the ma j or streams , al though there 
are gaps along some of the streams where  alluvial deposits are thin or ab
sent . The zone of satu ration r anges f rom 0 to 150 feet , and wel l  yields range 
from less than 100 to 3500 gpm . The water ranges from fresh to highly saline . 

The Edwards-Tr in i ty ( Plateau) aqu ifer is  a sand and sands tone aqu ifer at 
the southern boundary of the Permi an region .  It  cons ists o f  mass ively bedded 
l ime stone interbedded w i th shale . Although the yi elds of we lls in most place s 
average about 250 gpm , they can exceed 3000  gpm in places where the secondary 
p ermeab i lity of the l ime s tone is we ll developed . Wa ter in the aqu ifer is 
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gener a lly f re s h , a lthough the concentrat ions of tota l d i ssolved solids can 
r each abou t 3 500 mg/ l .  

The Rush Spr ing s  and Ger ber-Wellington aquifers in Ok lahoma and the 
Roswe ll arte s i an aqu ifer in New Mexico lie pr imar i ly ou tside the Permi an 
reg ion bu t do prov ide an impor tant water resource to the por t ions of the 
reg ion that they i nclude . 

B . 4 . 3  Cl imate 

The Permian reg ion is in the Sou thern Pla ins and Lowlands climatic zone . 
In  g eneral , c limatic changes are g r adual ac ross the zone because there are no 
signif i cant climat ic bar r ier s .  Differences in climatic cond it ions with in this 
zone are contro lled pr imar ily by lat itude , general air ma ss and other storm 
movements , elevat ion ,  and d istance to sources of mo istur e .  

The c l imate i s  pr edomi nantly cont inental , w i th cold wi nters and warm to 
hot summer s .  The we stern por t ion of the reg ion ha s a dry cl imate because of 
the block ing effect of the mounta ins to the we st . The mod ify ing effect of the 
Gulf of Mex ico re sults in a wa rm , humid,  and ra iny cl imate for the eastern 
por tion of the reg ion .  The northern port ions of the reg ion are frequently 
a ffec ted by cold polar and ar c t ic air  masse s du r ing the wi nter and less fre
quently dur i ng the sununer . Wi nd and prec ipitation pa t terns i nd icate a rela
tively h igh eros ion potential . 

-

Fundamenta l changes in the cl imate of the reg ion have occur red over the 
la st m i llion years - ( t he Ple istocene Epoch ) . Dur ing th is per i od  there have 
been fou r ice ag es , the most recent of wh ich ended about 10 , 0 00 years ago .  
Al though glac i ers d id not extend to the Permi an reg ion , the c l ima te was prob
ably coo ler , wetter , and stormier than at presen t .  Flood ing was probably more 
f requent.  The cu rr ent epoch ( Holocene) is considered to be interg lac ial , and 
the re are ind icat ions that a long-term g lobal cooling tr end is under way at 
present . 

I n  the Permi an reg ion the 24-hou r max imum ra infall with a 10 0-year recur
rence inter val ranges f rom 5 i nches in the nor thwestern portion to 8 i nche s 
in the easte rn por t ion .  These va lues are typ ical for the cont iguous Un ited 
S ta tes . The frequency of tornadoes is not iceably g rea ter in the centra l ,  
nor the rn ,  and ea stern por tions of the reg ion . ( Texas , Oklahoma , and Kan sa s are 
w ith in an area of the Un i ted States that is assoc ia ted with frequent occur
rence$ of tornadoes . )  S imi lar ly ,  most of the northern and central por t ions of 
the reg ion exper i ence 100-year max imum w i nds with speeds of more than 90 mph , 
wh ich is re lat ive ly high in compar ison with typical va lue s in the Un i ted 
States . Re str ic tive-d ispersion cond i t ions ( invers ions) are relat ively inf re
quent in the reg ion compared with the rest of the contiguous Un i ted State s .  
The occu r r ence o f  restr ict ive-d isper sion ep isodes i ncreases f rom east to we st 
across the reg ion . 

Air-quality statutes and regu lat ions restr ict development in areas that 
are not atta in ing the national ambi ent a i r -qua lity standa rd s ( unless ce rta i n  
offset cr iter ia are sat isf ied )  or where emiss ion3 wou ld re sult in v iolations 
of  the standards or would exceed i ncrements estab l ished by the Clean Air Ac t 
Amendments of 197 7 . Data ind icate that the na tional amb ient air-qual i ty 
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secondary standa r d s  for par t i culates are be ing exceeded throughout the western 
half of the reg i on and i n  some ea stern area s .  Fu r thermore , the particula te 
concentrat ions in the area between Amar il lo and Mi dland , Texas , exceed the 
nati ona l pr imary ambi ent a i r -qua lity standards for par ticula te s .  

B . 4 . 4  Bac kground Rad iation 

Bac kground rad iation is ub iqu itou s ,  resulting from cosmi c ,  ter restr ial , 
and fa llout sour ces . The l im i ted data ava i lable for the Permian reg ion revea l 
no anomalou s area s .  

B . 4 . 5  Demog raph ic ,  Soc ioeconomi c ,  and Land-Use Systems 

The Permi an reg i on is spar sely popula ted . Only three urban a reas in the 
reg ion suppor t a population of mor e  than 10 0 , 0 0 0  i nhabitant s :  Wich i ta , Kan sas 
(app rox imate ly 3 00 , 0 00 ) , Lubboc k ,  Texa s (approx ima tely 150 , 0 00 ) , and Amar illo , 

Texas ( less than 130 , 00 0 ) . Odessa and Midland , Texas , have populations of 
j u st over 80 , 000  and 60 , 0 00 , re spect ively . The largest urban area within 75  
miles of the reg ion is Oklahoma C ity , Oklahoma ( approximate ly 58 0 , 0 0 0 ) . 

Total earn i ngs for the Permi an region i n  1970 amoun ted to approx ima tely 11 
bill ion dollar s ;  by the year 2000 , earn ing s  will be approximate ly 27 bill ion 
dollar s .  The domi nant land use is agr icul ture .  The l ive stock i ndustry y ields 
mor e  ear n i ng s  than all the field crops comb i ned . Earn ing s  from agr iculture , 
fore stry , and f isher ies accounted for about 14% of a ll earning s ;  manufactur
i ng accounted for approximate ly 13% . Mining and other extractive industr ies 
accounted f or app rox ima tely 5% of the total earn i ngs . Approx ima tely 68% of 
the ear n ing s  wa s produced by reta il and wholesale trade , government , and 
i n stitutions . Th is per centage is expec ted to i nc r ease , whereas the per cent
ages for ag r iculture and min ing are expec ted to dec rease in the coming decade s .  

Sensit ive or con flicting commi tments o f  land a rea s larger than 10 , 0 00 
ac res inc lude 142 , 2 0 0  ac res of Ind ian lands ( tr ust areas)  i n  Oklahoma . Also 
w ith i n  the reg i on are 2 na tional par k s  ( 9 3 , 7 20 ac res ) , 5 nat ional forests 
( 6 3 9 , 3 21 ac res) , 3 wildlife re fuges ( 6 4 , 60 6  ac res) , 11 recreat ion areas on 
Bu reau of Reclamation p roj ec ts ( 1 , 14 3 , 9 21 ac res) , 1 military insta llat ion 
( 33 , 84 8  acres) , and other mi l i tary areas (pr imar ily re strJcted a i r  spaces) , 
tota ling 23 , 8 50 , 6 24 ac res . The area committed to these ac tivit ies is approxi
mate ly 22 . 86 %  of the Permian reg ion . The bulk of the land is  range , agr icul
tural , and open land , w ith some areas p r eempted for urban and res ident ial 
deve lopment and for tr anspor ta tion networ k s .  

The Permi an reg i on i s  traversed by a network o f  h ighways and r a i l  l i nes . 
The highway system is the domi nant mode of transpor ta tion throughout the 
reg ion . Ra ilroad trackage has been developed most intens ive ly around ma j or 
r a i l  hubs with in or nea r  the nor theastern  por t ion of the reg ion . 
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B . 4 . 6  Ter re str ial Ecosystems 

The Permian reg ion cover s  some 189 , 0 0 0  square miles and inc ludes a var iety 
of so il , topog raph ic ,  and land-use pa tterns . About 98% of the reg ion is 
class i f i ed as range or pasture (58 % )  or cropland ( 4 0 % ) . 

Most of the natural vegetation in the region is c la s s i f ied a s  g ra ssland 
and shr ubsteppe ( 9 7 % ) , bu t for ests ( 3 % )  are scattered along the maj or r iver 
dra i nages in Kansas , Okl ahoma , and ea stern Color ado and in the low mounta ins 
in  the we stern por t ion of the reg ion . For ests are not commerc ially valuable 
in the reg ion b ecau se of the ir  l imi ted d istr ibution .  Never thele ss , they 
prov ide impor tant wildlife habitats . Wet lands are scarce . However , six 
typical wet land area s  are i dent ified ,  one of wh ich ( the Great Salt Plains in 
Oklahoma) ha s been proposed for Reg istered Nat ional Landmar k status . The 
reg ion conta ins seven national w ildl ife re fuges in wetland areas . The Soc iety 
of Amer ican Foreste r s  ha s ident i f i ed two natura l  areas in Kansas that are set 
a s i de for sc i ent i fic , educational ,  or r ec reat ional purposes .  The Nature Con
ser vancy ha s de signated at lea st three natural areas in the Oklahoma por tion 
of the reg ion . Twenty- four plant spec ies that are proposed for the Federal 
list of endangered spec ies occur with in the reg ion . 

Reg ional w i ldl ife i ncl udes some 85  spec ies of mammals , a t  lea st 3 50 
spec ies of b ird s ,  and more than 100 spec ies of amph ib ians and repti le s .  
Fore st land , shr ubland , and openland spec ies are we ll represented . Impor tant 
wildlife inc ludes game spec ies , furbearer s ,  and one spec ies on the Federal 
list of endang ered spec i e s ,  the black-footed fer ret . At lea st 35 game birds 
and 26 game mammals are found in the reg ion , and hunt ing and trapp ing are 
impor tant . The wh i te- ta iled deer , mule deer , and pronghorn are impor tant 
b ig-game an ima ls . Cottonta il , j ack rabb it , and fox squirrel are impor tant 
sma ll-game mammals . Nonmig ra tory game b i rds i nclude the turkey , r ing-necked 
pheasant ,  lesser pra ir ie ch icken , bobwh ite , and scaled qua il :  migratory game 
bi rds i ncl ude water f c:Ml and the mourn ing dove . B i rds on the Federal list of 
endangered spec ies inc lude the brown pe lican , Mexican duck , bald eagle , 
pe regr i ne falcon , whooping c rane , and Esk imo cur lew . 

The major land use s in the Permi an reg ion are cropland and range and 
pa sture . The ma j or c ropl and areas are in Kansas and Texa s :  Texas and New 
Mexico have the lar gest amounts of range and pasture land . Impor tant crops 
i ncl ude winter whea t ,  sor ghum , and cotton . Ca ttle , sheep,  hogs , and m i lk cows 
are impor tant livestoc k . 

B . 4 . 7  Aquatic Ecosystems 

A large por tion of the Pe rmian reg ion is semi ar id , with intermittent 
streams as the only aquatic hab i tat . These streams , when flowing , are 
genera lly h igh in minera l content from natura l sources ( salt spr ing s ,  br ine 
seeps , or gypsum over bu rden) and f rom human ac tivi ties (petroleum and natural 
gas produc tion or irr igat ion return flows) . As a resul t ,  the most suitable 
(of ten the only ava i lable) aq uatic hab i ta ts are near the per ipheral por t ions 
of the reg ion . 

In the nor thern por t ion of the reg ion , streams of the Smoky Hill River 
sy stem , wh i ch dra in ul t ima tely to the M i ssour i River , are turbid and 
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modera te ly sa lty . Dur ing low-flow per iods in summer month s ,  par t icularly in 
the Uf:Per reaches , these streams become ephemeral . Near the nor thea stern 
boundar y  of the reg ion and below the confluence of the Sa li ne and Solomon 
River s ,  the Smo ky H i ll River sy stem ma inta ins adequa te flow and s uppor ts a 
mar g ina l rec reational fi shery for catfish and car p .  The Topeka shiner , a 
th rea tened f ish in  Kansa s ,  ha s been r ecorded f rom the Smoky H i ll and Sa li ne 
Rivers with in the Permian reg ion . 

River s of the nor th-centr a l  Permian reg ion , includ ing the Ar kansa s ,  
C imar ron ,  Canad i an ,  and Red River s ,  have poor wa ter qua l i ty as a result of 
na tura l and man- induced pollution .  These streams (with a pos s ible exception 
of the Ar kansa s River ) have the ir  or ig in in  semiar id reg ions and frequently 
exh ibit no flow or subsur face flow cond it ions . Consequently , suitable habi
tats for aquatic or gan isms are ma inly ou tside or near the ea stern per iphery of 
the reg ion .  A few loca lly endangered or threatened spec ies may occur in the 
north-central por tion of the region but are expec ted pr imar i ly in the head
wa ter areas of Colorado and New Mexico or near the eastern boundary of the 
region , where the streams become larger and flow cont i nuously . 

Much of the centr a l  Permian reg ion , al though with in the wa ter sheds of the 
Brazos and Colorado Rivers , consists of playa lakes and dry creeks and is 
essent ially noncontr ibuting . Aqua tic habitats are therefore few in number 
and , when p resent , a re genera lly not sui table for f ish and aqua t ic inver te
brates because of the na turally h igh salt content of sur face wa te r s .  A few 
tr ibu tar ies ( e . g . ,  the Concho River of the Color ado River sys tem , wh i ch is 
essent i a lly spr ing-fed ) ma inta in flows and wa te r qua lity that suppor t exploit
able f ish popula tions . S uch streams are genera lly near the ea stern boundary 
of the reg ion . 

In the south and sou thwe st por tions of the Permian reg ion , the Pecos 
River , al though . po llu ted f rom natu ral br i nes and i rr igat ion return flows , sup
por ts a d iver se fish fauna in tr ibuta r ies to the ma in-stem r iver . Many of the 
spec i es and subspec ies of th is region (par ticular ly the several spec ies of 
desert pupfish and gambusia )  have been isolated by na tural ba r r iers and are 
restr ic ted to sp ec i fic habitats (of ten a single tr i butary or spr ing ) . Because 
of the ir highly re str icted distr ibutions and dependence on un ique habitats for 
survival as a species or s ubspecies , many of these f ishes are considered to be 
endanger ed . 

B . 5 SALINA REX3 ION* 

B . 5 . 1  Geology 

The Salina reg ion inc ludes por t ions of New Yor k ,  Pennsylvan i a ,  Oh io,  
Mich igan , We st Vi rgin i a ,  and Ontar io (F igure B-2 ) . The ent i re region encom
passes app roximately 80 , 00 0  squa re miles of land area in the Uni ted State s .  

About ha lf o f  the Sa li na region i s  in  the G reat Lakes s ec t ion of the 
Centr a l  Lowland physiog raph ic prov ince . The lakes and ter r a in feature s ,  such 

*Data from Env i ronmen ta l Character i zat ion of Bedded Sa lt Formation and 
Over lying Ar eas of the Sa lina Ba sin (NUS , 1 97 9b) . 
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as mor a ine s and dr uml i ns ,  re flect the prom i nent effects of Ple istocene 
glac i a t i on in th ir: s ec t i on. The rema inder of the r eg i on is a pa rt of the 
Appalach ian Plateaus phys iograph ic province. I t  i s  composed of shallow r i v0 r  
va lleys and b r oad r i dges , with escarpmen ts that provide abr upt changes in 
e levation .  Lcx::al elevations generally var y  by no mor e  than 3 00 to 4 00 fee t ;  
however ,  the e l evation i nc r eases i n  going f rom we st to ea st f rom about 1000 
feet above sea level in Oh io to about 2 000 feet above sea level in New Yor k .  

The Sa lina reg i on lies within two maj or tec ton ic d i v isions : the Cent ril l  
Stable reg ion i n  the we st and the orogen ic belts of the Atlantic margin i r.  tlw 
ea st. The Central Stable region is founded on Pr ecambr i an rocks that compns�' 
the stable inte r ior of the Nor th Amer i can cont inent . The easte rn ar eas of the 
reg i on conta in mounta i nou s a r eas uplif ted and deformed dur ing the Pa l eozoic 
Era. Separ ating the eastern and we stern por tions of the reg ion are a se r i es 
of ar ches--areas that were stable or gently upl i f ted and de formed dur ing the 
Pal eo zoic Era , when the Appalach ian and Mich igan basins wer e  subsid ing . I t  
was dur ing these per iods of s ubsi dence that salt beds were formed . All these 
str uc ture s  ar e extr emely old , with no ma jor movements in the ear th ' s  crust �or 
approximately 190 m i l lion year s .  Indeed , the Sa lina reg i on has exper i encod no 
major internal tec ton ic ac tivity since Precambr ian time ( 1  b i ll ion years  
ago ) .  Ma j or str uctural featu res within the region are few ,  uncomplica ted , and 
b road in extent. Minor st r uc tures with in the reg ion are also relat ively f ew 
and s imple .  

The Galina reg ion i s  one of low sc ismic ity. Ear thqua kes i n  the eastern 
por tion of the reg i on arc attr i buted to r eadj u s tment of the ear th ' s  c r u st 
a fte r the mos t recent Ice Age. Ma j or sur face faulting is uncommon . Seve ral 
se i smic events have occu r r ed in the vicin ity o f  Attica in W'estern New Yor k . 
The se ear thqua k es have been re lated to the Clarendon-Linden Fault , a nor th
south-trend i ng tec ton ic f eatu r e. Several moderate earthquake s  (mod i f i ed 
Mercalli inten s i  t�, of V} have occu r r ed near Cleve land , Oh io. Por tions of the 
Salina r eg i on in Mich i gan , Pennsylvania , and We st Vi rginia have been v i r t ually 
ea r thqua ke- f ree . 

Oil  and gas fields have been deve loped in all par ts the Salina r eg ion . 
Pr imary , secondary , and te r t i ary r ecovery e ffor ts , wh i ch i nclude wa ter flood
i ng and frac tur ing , may have affec ted por t i ons of the S i lur ian sa l t  laye r s . 
The most a bundant o i l  and gas fields are in Pennsylvan ia , We st Vi rgi n i a ,  ana 
Oh io . Ma jor bituminous coa l reserves occur in Pennsylvan i a ,  West Vi r g inia , 
Oh i o ,  and M i chi gan .  Much of the coal is within 3 00 f eet of the sur face , wc U 
above the salt beds. Meta llic  ores in the r eg ion are of low grade and of  
l imi ted economic importance . Several nonmetallic minerals of economic impor
tance are extracted in the reg ion : sal t ,  salt br ine s ,  s i l ica , and constr uc
t i on ma ter ial s ( s and , g r ave l ,  gypsum , etc.) . With the exception of salt 
b r i ne s ,  it is not expec ted that cur r ent or future recover y  of these mine r a l s  
would a ff ect �B ste- repos i tcry sit ing. 

B . 5 . 2  Hydrology 

The Salina reg ion is subd iuided into thr ee Hydrolog i c  Reg icr.s (HR} : HR I ,  
southea stern G r eat Lak es ba sin ; HR I I , Susquehanna River headwate r s ;  and HR 
I I I , nor thea stern Oh io Rive r  ba s i n .  
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Hydrologic Reg ion I cover s  the dra inage area of Lake Huron , Lake Er i e ,  and 
Lak e  r�tar io.  The terrain is charac ter ized by flat land , lakes , marshes , and 
peat Jgs ,  re flecting the poor development of reg ional dra inage systems . 
S t r . ams are relatively s hort and follow the lows of the once-glac i a ted ter
rain .  The terra in is therefore more  conduc ive to inf i l tration than to direct , 
rapid surf ace r unoff . Water ava ilable for w ithdrawal and use in HR I comes 
pr imar ily from prec ipi tation with in the area . Annual prec ipitation ranges 
f rom 28 to 37 inche s ;  a�rox imately one-th i r d ,  near ly 12 inches , becomes r un
off . Water is genera lly nonsaline throughout HR I .  

Ma j or floods and most damaging floods are usua lly the result of rain and 
snowmelt on frozen or near ly saturated ground . Intense summer storms have 
c r eated destr uc tive flood s ,  but these are ordinar ily conf ined to local area s .  
Dams are used for flood control and for water-resource management .  The 
large st single use of water in the reg ion is for cooling steam-el ec tr ic ity 
generating plants . Manufac tur ing fac il i t i es and domest ic consumption are also 
ma j or water user s .  

Although water-bear ing formations under l i e  all o f  HR I ,  the depth to the 
water table var ies w ith the s ea son , local geolog ic charac ter istics , and ter
ra i n .  With the exception of the lower Michigan Pen insula , produc tive aquifers 
( yielding to a we ll at l ea st 50 gpm of water conta ining not more than 2000 ppm 
of d isso lved solids) are located only along some of the main watercourse 
alluvial va lley s .  Because o f  the abundance o f  sur face-water s upplies i n  HR I ,  
g roundwater usage has . not been extens ively developed and constitutes generally 
less than 10% of the total water use . 

Hydrologic Reg ion II  is located in the headwaters area of the Susquehanna 
River , whi ch flows southea ster ly f rom south-central New York through Pennsyl
van ia and Maryland . The two major tr ibutar ies of the Susquehanna River that 
flow through HR I I  are the We st Branch of the Susquehanna River and the 
Chemung River . Hydrolog ic Reg ion II  is character ized by deeply eroded , steep
s i ded , flat-bottomed valleys and flat to gently rolling pla teaus varying in 
reli ef from several hundred feet  in New Yor k to nearly 2000  feet in Pennsyl
van i a . Th is type of landscape tends to shor ten the t ime for prec ipitation to 
r un off into streams and consequently promotes the possibility of flood ing . 
Pr ec ip i tation averaging near ly 38 i nches annua lly in HR I I  is the maj or source 
of water supply . The mean annual r unoff var i es from about 15 to 25  inches , 
about half of th is occurr ing dur ing the 3-month per iod f rom March through 
May . Some tr ibutar ies of the West Branch of the Susquehanna River are heavi ly 
influenced by ac id mi ne drai nag e .  Neverthele ss , the d issolved- solids concen
tration of most streams in HR II seldom exceeds 800  ppm. Generally , floods 
occur each year in HR I I �  maj or flood ing can occur in all seasons . Flooding 
is , however ,  more frequent in ear ly spr ing , usually in March . Major floods 
have been caused by heavy rainfall on top of heavy snowfall and by heavy rain
fall on previously saturated ground . Occasionally , local flood ing is caused 
by ice j ams or f rom thunderstorms dur ing the surraner months .  As in HR I ,  maj or 
water uses are for steam-electr icity generation ,  manufactur ing , and domest ic 
consumption .  

The abundant water i n  the Susquehanna River basin is looked to by communi
ties ou tside the area as a s upply source for the future . Currently sign ifi
cant quant it ies of water are piped to Chester , Pennsylvan ia , and Baltimore ,  
Maryland . Rural water s upply needs w i ll al so increase rapidly in the future . 
Th is includes rura l domest ic use , consumption by livestock , and irr igat ion . 
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The increases are not as dramatic as in the urban areas , bu t they are never
theless substantial and mu st be pl anned for ,  particular ly where they compete 
d irec tly with urban need s .  

Groundwater i n  HR II occurs i n  apprec iable quantit ies i n  rock strata and 
is g enera lly of good qual ity , except near coal mines below Tioga County , Penn
sylvan ia.  Deep aquifers in the reg ion may be sal i ne or brackish .  Highly 
permeable glacial deposi ts along most of the valleys are sign i ficant sources 
of groundwater . These aquifers are very produc tive and read ily recharged .  
S i nce most urban commun ities are situated on wa ter-bear i ng glacial deposi ts i n  
the va lley s ,  groundwa ter ha s not been widely util i z ed .  Al though water-use 
data are not ava ilable for HR II , data for the enti re Susquehanna River basi n ,  
wh ich inc ludes HR II , ind icate that 17%  of the total water consumption is 
supplied by g roundwa ter . Total g roundwater use is expec ted to i ncr ea se as 
water demand s grow in the reg ion .  

Hydrologic Reg ion III lies i n  the northeastern sec tion of the Oh io River 
ba s i n .  Ma j or streams in th is region are the Allegheny River , Monongahela 
River , Musk i ngum River , Beaver River , and the ma in stem of the Ohio River . 
Hydrologic Regi on III  is loca ted i n  the Appalach i an Plateaus physiog raphic 
province , wh ich is charac ter ized by a rugged terrain  resulting from the 
d iff er i ng re s i stance of the rock to weather i ng and runoff . Extensive fore st 
cover , poor-qua lity so il s ,  narrow valleys , steep stream grad ients , and flash 
floods dur ing the dry sea sons are charac ter istic of th is area . Vegetation is 
genera lly suffic ient to retard runoff and minimi ze  erosion . Prec ipitation 
averages about 45 i nches annually : runoff ranges f rom abou t 11 to 25 i nches 
annually . Many mi nor tr ibu tary streams throughou t the area normally cease 
flowing dur ing the dry sea son , with drought per i od s  adding �o the i r  number . 
Often dur ing late summer and ear ly fall , stream flow from prec ipitation is 
negligible , the only flow being f rom g roundwa ter seepage . Wa ters of the 
reg ion are . nonsal i ne , although some tr ibutar ies have high concentrations of 
d issolved so lids . In order of g ross consumption , ma j or wa ter-usage ca tegor ies  
are  steam-e lec tr icity generation ,  manu fac tur ing , and domestic  use . 

Valley- f i ll sed iments , con s isting both of glac ial ou twash and recent 
alluvium , are the most impor tant source of groundwater in HR III . Highest 
yields occur g enera lly in the valleys of the Oh io River and i ts north-s i de 
tr ibu tar ies . Most bedroc k  systems in the area are relat ively poor wa ter 
bear e r s ,  although product ive aqu ifers do occur in some limi ted rock strata 
that under l i e  por tions of HR III . High iron concentrations are often found in 
these wa ters . Groundwater supplies have been developed in the valley- f i ll
sed iment aqu ifers pr imar ily for use at the point of need . Because of the 
large areas covered by these aquifer s ,  most of the stored wa ter has been 
untouched by current development . 

B. 5 . 3 Climate 

The Sal i na reg ion is located pr imar ily within the Great Inter ior cl imatic 
zone . D iffer ences in climate are controlled pr imar ily by latitude , general 
a ir mass and storm movements , elevation , and d istance to source s of moisture . 
Mod i f i cations to the c l imatic patterns are i ntroduced by the Great Lakes and 
by the lifting effec ts of the Appalach ian Mounta ins . The cl imate is  generally 
charac ter ized as cool in the northern section and warm tempera te and ra iny in 
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the southern section . Wind and prec ipitation patterns ind icate a very low 
erosion potential in the region .  

Fundamenta l changes i n  the climate of the reg ion have occur r ed over the 
la st million years (the Ple istocene Epoch ) . In th is per iod there have been 
four ice ages , dur ing which glac iers covered much of the Salina reg ion . 

The most r ecent ice age (Wisconsin Glacial) ended about 10 , 000  years ago ,  
although continuous ice sheets still exi s t  i n  the polar reg ions . The current 
epoch (Holocene) is considered to be interglac i a l ;  however , there are ind ica
tions that a long-term global cooling trend is under way at present . 

In the Sa lina reg ion ,  severe-weather cond itions are rather typical of  
those occurr ing in most area s of  the cont iguous United State s .  The maximum 
24-hour rainfall with a 100-year recurrence interval range s  f rom 4 to 6 
inche s .  The frequency of tornadoes is noticeably greater in southern Mich igan 
and ea s tern Ohio than in other sections of the reg ion .  However , the f requency 
is signif icant ly lower than that in the Central United State s .  Mos t  of the 
Sa lina Region exper iences 100-year maximum winds of less than 90 mph , wh ich is  
typical for most of the continental United State s .  

Re s tr ictive d i spersion cond itions are relatively f requent i n  the extreme 
southern sec tion of the Salina Reg ion compared with the rest of the reg ion and 
w ith the contiguous Un i ted S ta tes . Sections of the Sa lina Reg ion exper ience 
less than 25 to near ly 40 episode-days in 5 years .  

Ai r-qua lity statutes and regulations restr ict developnent in areas  tha t  
a r e  not atta ining the national ambient air-quality standards ( unless certa in 
o ffset cr i ter ia are- sat isfied) or where emissions would result in violations 
of the standard s or would exceed increments established by the Clean Air Act 
Amendments of 1977 . Data i nd i ca te that the national ambient a ir-qual ity 
secondar y  standards for par t i culates are be ing exceeded around all major 
c ities and in ea s tern Ohio , southwestern Pennsylvani a ,  and northern West 
Virginia.  

B . 5 . 4  Background Rad iation 

Backg round radiat ion is ubiquitous ,  resulting f rom cosmic , ter r estr ial ,  
and fallout sour ces . Lim i ted data ava i lable for the Salina region reveal no 
anomalous area s .  Dose rate s range from 68 . 8  mrem/yr at Charlevoix , Michigan , 
to 116 . 7  mrem/yr at Whee ling , We st Virginia . 

B . 5 . 5  Demograph ic , Soc ioeconomic,  and Land-Use Systems 

Many areas within the Sa lina region are h ighly urbanized .  The heaviest 
concentrations of urban areas (over 50 , 00 0  inhabitants) in the reg ion occur in 
Ohi o ,  southern Mich igan , and western Pennsylvan i a .  The largest urban areas in 
or near the reg ion inc lude Detroit (near ly 4 million inhabitants) , Cleveland 
and P i ttsbur gh (near ly 2 million inhabitants each ) , and Buffalo (over 1 
million inhabitants ) .  
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Total earn ing s for the Salina reg ion in 1970 amounted to 66 bill ion 
dollar s ;  by the year 2000  earnings w i ll be about 181 bi llion dollars .  Manu
fac tur ing accounted for approximately 41% of the tota l earn ings in 1970 . 
Although agr iculture and fore stry are the domi nant land uses , they produce , 
together with fi sher ies , about 1% of the total earnings of the region .  Mining 
and other extract ive indu str ies likew ise account for about 1% of the reg ional 
earn ing s .  Reta il and wholesale trade , government , institutions , and other 
services account for approx imately 56 % of earning s .  Th is per centage is 
expected to increase ,  and the percentage for manufactur ing is  expected to 
dec r ease , in the coming decades . 

Sensi tive or confl icting commitments of land areas larger than 10 , 000  
acres consist of  the Allegany Indian Reser vation ,  10  par k s ,  8 forests , 3 w ild
l i f e  refuge , 8 recreation proj ec ts , 14 airpor t s ,  2 military reservations , and 
4 m i l i tary operati ons area s .  The area committed to these act ivities totals 
less than 6 %  of the Salina reg ion . The bulk of the remaining land is  agr icul
tural and open land , with some areas preempted for urban and residential 
developnent and for transpor tat ion networ ks . 

The Salina region is traversed by a well-developed networ k of h ighways , 
ra il  line s , and waterways used for commercial transpor tation .  

B . 5 . 6  Ter restr ial Ecosys tems 

The broad mosaic of land-use patterns in the Sal ina reg ion has a signi f i
cant influence on the d istr i bution and abundance of ter restr i�l resource s .  
Major land-use patterns i n  the reg ion ar e for estland ( 4 4 % ) , cropland ( 3 1 % ) , 
pa stureland ( 6 % ) , and other rural land ( 6 % ) . 

Four ecoregion categor ies occur in the Salina reg ion :  Nor thern Hardwoods ,  
Beech-Maple Forest , Appalach i an Oak Fore s t ,  and Mixed Me sophytic Fore st . 
Impor tant natural vegetat i on includes commerc i ally valuable timber , wetlands , 
natural area s ,  and proposed endanger ed plant specie s .  Commerc ial forestland 
in the reg ion is  about 90 % hardwoods and 10%  softwoods .  Forestland is  about 
equally d ivided among sawtimber , poletimber , and seedling/sapling stands . 
Approximate ly 2% of the reg ion is  class if ied as wetlands with some impor tance 
to water f <:Ml . Some 28  representative wetland areas and 5 National Wildlife 
Refuges ( predomi nant ly in wetland areas) are located in the reg ion .  (Only 
three w i ldlife ref uges are repor ted in Section B. 5 . 5  as sensit ive or 
conflicting commi tments of land because of the size  cr iter ion--10 , 000  acres or 
mor e . ) The Soc i ety of Amer ican Foresters has ident ified 10 natural areas  in 
the region .  Five plant spec ies that are proposed for the Federal list of 
endanger ed spec i es occur in the region .  

Reg ional wildlife includes some 6 5  spec ies of mammals ,  at least 400  
spec i es of birds , and 73  species of amphibians and reptile s .  Forestland , 
shr ubland , and openland spec ies are well represented . Impor tant wildlife 
i ncludes game spec i es , furbearers , and endangered specie s . At least 31 game 
birds and 23 game mammals are found in the reg ion ,  and hunting and trapping 
are important . The wh i te-ta iled deer is the most important big-game an imal ; 
rabbits  and tree squirrels  are impor tant small-game mammals . Nonmigratory 
game bi rds include the r i ng-necked pheasant , bobwh i te ,  and r uffed grouse ; 
migratory game birds include water fowl and the mou rn ing dove . Spec ies on the 
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the Federal list of endangered spec ies are the Indiana myotis , Kir tland ' s  
warbler , peregr i ne falcon , and bald eagle . 

Farmi ng is impor tant in the Salina reg ion . Major crops are corn ,  hay , 
wi nter wheat ,  and oats . Ca ttle , swi ne , and sheep are impor tant livestock . 

B . 5 . 7  Aquat i c  Ecosystems 

The Great Lakes provide the most extensive conunercial fishery within the 
Sa li na reg ion .  Although sh if ts have occur r ed in the abundance of var ious 
spec ies because of fishing pressures ,  introduction of predators ,  and pollu
tion, commercial harvesting of f ish remains a sign i ficant industry in the 
Great Lakes . The Oh io River drainage presents a more  limited f ishery 
resource . The conmercial f ish har ve st in th is dra inage may be considered 
neglig ible , as ar e the present-day collections of mussels and clams . The 
Great Lak es and the Finger Lakes in upstate New York s upport a d iverse spor t 
fishe r y .  Appalach ian streams offer trout fish ing :  in  many lower stretches of 
tr ibutar ies and in the ma in- stem r ivers of the Salina region a warm-wa ter 
f i shery exists . Many streams and lakes are augmented wi th stocked spec ies to 
enhance sport f ishing .  Only two f ish species and one inver tebrate on the 
Federal list of endangered spec ies occur in the reg ion .  

B. 6 PARADOX REXi ION* 

B. 6 . 1  Geology 

The Paradox reg ion ( Figure B-3 )  is  located in southeastern Utah and south
we stern Colorado . The enti re region encompasses roughly 10 , 000  square mile s :  
about 60% o f  th is land area i s  i n  Utah . The Paradox reg ion i s  a tectonic uni t  
( Paradox Fold and Fault Belt)  o f  the Colorado Pla teau and i s  al so a feature o f  
Thornbury ' s  ( 19 6 5 )  rugged Canyon Lands section of the Colorado Plateau.  As 
such , it has a d i verse and var i ed physiog raphy and exhibits the landforms 
assoc iated with tecton ic and igneous ac tivit i es as well as with extensive wind 
and water erosion . Most of the region is above 5000 f eet in elevation ,  often 
with high relief and rugged terrain .  The area conta ins some of the mos t  
spec tacular scenery in 'the Un i ted Sta tes . 

The roc k s  of the Paradox region cons ist of at least 15 , 00 0  feet of elastic 
and evapor itic s ed iments resting nonconformably on a basement complex of 
gran itics and meta sed iments . The age of the basement rocks is Precambr ian , 
wh ile the s ed imentary strata range in age f rom Cambr i an to C retaceous . D is
conformit i es and hiatuses abound , some of very long duration .  Ordovic ian 
and S ilur i an rocks , for example ,  are completely absent , and no mar ine 
depos i tion has occurred since the close of the Mesozoic Era .  The only 
Tertiary rocks of sign ificance are intrusive volcanic s .  The Qua ternary is  
represented only by fluvial depos its , a substantial amount of wind-blown 
sed iments , and mi nor amounts of g r avel and t i ll .  

*Data from Regiona l Character ization Repor t for the Paradox Bedded Salt 
Reg ion and Sur round ing Terr i tory (Bech tel ,  1978a) . 
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The Colorado Plateau Province , of wh ich the Paradox region i s  a part ,  is 
a mildly deformed platform sur rounded by the more h ighly deformed Rocky 
Mounta ins . The pr inc ipal tec tonic elements of the Plateau include upl i f ts , 
monoclinal flexures , domes of igneous i ntr usion ,  platforms , slopes ,  saddles ,  
and fold-and-fau l t  bel ts . In add ition ,  the reg ion displays numerous igneous 
plug s ,  d i atremes ,  caldron sink s ,  d ikes , and mul titudi nous sys tems of joints 
and small faults . 

The Paradox reg ion is one of low se ismic activity . Fifty- four ear thquakes 
with a max imum i ntens ity equal to or g r eater than V on the modified Mercalli 
scale of 1931 are known to have occurred in or within 100 miles of the Paradox 
region f rom 1853  to 1 9 76 . 

The tec tonic history of the reg ion was eventful . Evidence ind icate s that 
the region was under water for a long per i od  of time before the start of the 
Camb r i an per iod . Dur ing the Paleozoic Era much activity occurred,  with 
per iods of uplift and erosion alternating with per iods of inundation and s edi
mentation .  The formation of the Paradox basin salt occurred dur ing the latte r 
part of th is era.  By compar ison , the Mesozoic Era was relative ly quiescent . 
No major mounta in-bu ilding ac tivity occurred in the reg ion dur ing the Tr iassic 
and Ju ra ssic per i od s ,  but the shallow seas moved in and out to deposit occa
sional layers of mar ine sed iments . The power ful upli f ts that raised the 
Colorado Plateau provi nce to i ts present elevation began in the last half of 
the Cretaceous .  Dur ing the ear ly Cenozoic Era the mounta in building continued 
until the Rocky Mountai ns were formed . Volcan ism was al so wi despread and f re
quent dur ing the Cenozoic Era , when most of the prominent surface features of 
the reg ion were formed . 

The Paradox reg ion and surrounding terr itory have supplied impor tant 
ener gy resources for near ly three decades . Petroleum , natural gas ,  and 
uran ium from this area have made substantial contr ibutions to the nation ' s  
ener gy needs and have played an impor tant role in the local economy . Energy 
and mineral production is still increasing . A few metals and industr ial 
mi nerals are al so present in the region , but they have been produced on a 
small scale compar ed to exploitation of the energy reserves . 

B. 6 . 2 Hydrology 

Sur face water is a va luable resource in the semiar id Paradox reg ion .  The 
pr inc ipal r ivers in the and sur rounding terr i tory of the Upper Colorado Water 
Resource Reg ion (UCWRR) are the Colorado and the Green , and the i r  major tr ibu
tar ies are the Pr ice , San Rafael , Dolores , and San Juan Rivers . No large 
natural freshwater lakes or wetlands occur in the reg ion . Prec ipita tion is 
light and var ies with g round elevation .  Maximum stream flCM occurs in late 
spr ing � it is due to snowmelt runoff from mounta inous area s .  Localized 
flood ing can occur , especially when per iods of snowmel t  coincide with intense 
thunderstorms . Areas most prone to flood ing are along the floodplains of 
r ivers or streams . Most ser ious damage occur s  in broad floodplains where 
agr icultural or urban developments exi s t .  Flood control is accompli shed by 
watershed management and land- treatment prog rams in the UCWRR. Flood-control 
reservoirs are normally multipurpose and may provide power generation ,  irr iga
tion ,  and r ec r eational bene f i ts .  Sur face-water quality is generally good , 
although h igh disso lved- solids concentr ations pose a problem in some waterways 
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of the UCWRR . Water ava ilability is  limited , and demand , espec ially for 
good-qua lity i rr igation water , is growing . 

Groundwater occurs in the Paradox reg ion under both water-table and ar te
sian cond i ti ons , and the qua lity of this water ranges from fresh to near
saturated br ines ( in excess of 350 , 000  mg/l of total dissolved solids ) . Water
table cond itions commonly exist in the shallow alluvial aqu ifer s ,  in recharge 
areas , and near the sur face in relatively flat-lying rocks that are found over 
lar ge portions of the region .  Most of the g roundwater underlying the region 
has d is solved- solids concentrations in excess of 3000  mg/l and is  unsuitable 
for most use s .  Usable fresh water is present only in near-sur face aqu ifers and 
is seldom found at depths greater than 200 feet . The only source of fresh 
water is prec ipitation fa lling on the region ;  pr i nc ipal areas of recharge are 
the highlands of the reg ion and other areas where aqu ifers crop out .  

B .  6 • 3 C 1 ima te 

The Paradox reg ion is largely a cool , semiar id , mid-latitude steppe with 
i solated areas cla ssified as mid-latitude deserts or humid continental re
gimes . The reg ion is very dry ,  with an average annual prec ipitation of 
approximately 8 . 3 i nches . The dry cond itions provide the region with a 
re latively high potential for wind eros ion . 

Fundamental changes in the clima te of the region have occurred dur ing the 
last million year s ,  apparently resulting from changes in global temperature . 
Four maj or glaci ations occurred dur ing the Ple istocene Epoch , but the region 
is  located more than 500 kilometers  southwest of the southernmost limit of the 
ice cover and was not glaciated . 

The region is relatively free from severe-weather hazards and can expect a 
maximum 1 00-year rainfa ll of only 3 inches in a 24-hour per i od .  It is al so in 
an area of low tornado activity; this par t  of Utah reported no tornadoes from 
1955 to 1 9 67 . S imilarly ,  high winds are not f requent ; a max imum wind speed of 
about 85 mph has a 100-year mean recurrence interva l .  However , local channel
ing e ff ec ts might al ter the max imum speed at spec ific s i tes . 

Invers i ons are relat ively common in the Paradox reg ion in compar ison with 
the Un i ted S tates as a whole : the region has exper i enced about 180  episode
days in 5 years . These cond it ions are related to the terrain of the reg ion , 
whi ch is a complex system of valleys surrounded by h igh ter rain . Th is type of 
terra in allows the formation of frequent temperature inversions that could 
pose a maj or problem for the d isper sion of emissions from a waste reposi tory . 
In add it ion ,  poor dispers i on cond itions occur dur ing the frequent stagnation 
of l arge-scale high-pressure systems . 

Wi th regard to exist ing air quality ( Prevention of S ignificant Deter iora
tion ) , a ll national par ks  and wilderne ss areas within the Paradox region are 
class ified as Class I area s .  The remainder of the reg ion is  a Class II area . 
The l aw genera lly a llows no or min imal i ndustr ial development in Class I areas 
and moderate development in Class II areas . 
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B . 6 . 4  Background Rad iation 

Virtually no data spec i f ic to the Paradox reg ion are ava ilable . In 
general , the mountain states are h igher than the national average in both 
natural terrestr ial and cosmic background radiation , although the regional 
var iations appear to be of minor s ign ificanc e .  

B . 6 . 5  Demograph ic , Soc ioeconomic , and Land-Use Systems 

The Paradox region is a r ural area w ith many small towns of less than 1000  
people scattered along h ighways .  Farmington, New Mexico, and Grand Junction, 
Colorado, are the only two c ities in the areas adj acent to the reg ion with 
more than 20 , 00 0  inhabitants . There are no cities this large within the 
region . The total population of the region was approximately 240 , 000 in 
1970 . Most of the count ies in the reg ion showed a 10 to 20% increase in popu
lation between 1970 and 1975 . 

The economy of the reg ion is dependent on the continued long-term develop
ment of extractive i ndustr ies and the processing of petroleum, coal , molybde
num, vanad ium, natural gas , and other mineral and energy resources . Growth in 
these and related s upport i ndustr ies will , to a large extent , determine the 
rate of economic growth for the reg ion , pr imar ily becau se of their expor t 
value . 

Agr iculture is also impor tant in the reg ion , although product ivity is  
l imited by local climatic f ac tors . The low annual ra infall , c�mbined w ith 
areas of marg inal so il produc tivity, limits agr icultural activities to live
stock g razing and local hay and grain production .  Livestock is the only maj or 
agr icultural product expor ted from the reg ion . Other industr ies are of lesser 
importance . 

Land uses of interest include Federal and state recreat ional and natural 
area s  (wh ich occupy 29% of the land area within the region ) , urban area s  ( less  
than 1% ) , and Ind ian lands ( 16 % ) . The bulk of the rema ining land is open 
r ang e ,  w ith small areas preempted for transpor tation networks . 

B . 6 . 6  Terrestr ial Ecosystems 

The Paradox reg ion conta ins vast areas of relatively und isturbed natural 
habitat . F if teen natural vegetation systems occur in the reg ion :  these range 
from pine or fir for e sts  to scrubland s ,  steppes ,  and barrenland s .  Six ecolo
g ical reserves have been e s tablished or proposed for the region :  these 
" natural areas" would insure the preservation of a typical or unusual vegeta
tion type in as near an und isturbed cond ition as possible . A great var iety of 
wildlife inhabits the reg ion , inc luding many furbear ing spec ies , numerous 
b ig- and small-game species , and several threatened or endangered species . 

Major range types within the reg ion include grassland s ,  three types of 
desert shr ubs , and pinyon-j un iper woodlands . Th is range is well uti lized ,  and 
the mar ket value of livestock is normally 50 to 60%  of the value of all agr i
cultural products in the region .  Lands having good soil on moderate slopes 
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are generally dry-farmed or irr igated . A var iety of crops are grown ;  these 
typically account for 40 to 50%  of the market value of all agr i cultural prod
ucts . Although extensive forested areas cx::cur in the reg ion ,  forest products 
contr ibute less than 1% of the total value of all agr i cultural crops . 

B . 6 . 7  Aquatic Ecosystems 

Most aquatic habitats in the Paradox reg ion are cold-water trout streams , 
generally above 5 0 00 feet in elevation . The native game f ish , ma inly cut
throat trout and wh ite fish , have been largely replaced by introduced game 
species , pr i nc ipally ra inbow trout.  Very little warm-water-stream habi tat is  
found in  the reg ion ; the warm-water habitats that do exist frequently contain 
both cold- and warm-water f ish species . Although a considerable number of 
spor t fish are taken annually , the fishery resource is relatively poor because 
of the h igh sed iment load of many streams . Four threatened or endangered f ish 
spec ies have been identif ied in the reg ion ; all are found in the Colorado 
River or its tr ibutar ies . 

B . 7  GULF INTERIOR SALT-IX>ME R.FX;ION* 

B. 7 . 1  Geology 

The Gulf inter ior reg ion of Alabama , Mississ ippi , Louis iana , and Texas 
lies with in the Gulf Coastal Pla in physiog raphic province ( Figure B-4 ) . It  
includes par ts of 11 major physiograph ic subdivisions.  

The basement of the Gulf inter ior region consists of  str ucturally deformed 
inc ipient or weakly metamor ph ic late Paleozoic and older rocks and crystalline 
mater ials of unk nown age . These rocks are over lain by a great thickness of 
Mesozoic and Cenozoic that reg ionally thickens in successive wedges toward the 
Gulf . The top of the Paleozoic basement occurs at depths of about 13 , 0 00 f eet 
at the northern boundary of the reg ion and reaches almost 30 , 000 feet in depth 
at the southern limit.  Local str ucture mod ifies th is general trend. 

The reg ion lies with in a large structural downwarp known as the Missis
sippi Embayrnent , which extends north into southern I l l i no is , east into 
Alabama , south to the vic inity of Baton Rouge ,  Louis iana , and as far west as 
eastern Texas .  A var iety of smaller str uctural elements modifies this general 
framewor k and defines the inuned iate structural parameters of the storage rock 
un it . These features include basins and domes or uplifts , flexures and 
faults , and salt domes . 

The reg ion is one of low se ismic ity . Within 100 mi les of the Gulf 
inter ior region there were only 20 ear thquakes between 1886 and 1974 whose 
maximum intensities were equal to or greater than V on the mod i f ied Mercalli 
scale of 193 1 .  

*Data from Reg iona l Environmental Character i zation Repor t for the Gulf 
Inter ior Region and Sur round ing Terr i tory (Bechtel , 1978b) . 
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The ear ly tecton ic history of the Gulf Coastal area before Jurassic time 
is conj ectural because of lack of data . Currently , there are two trends of 
thought  concern ing the or ig in of the Gulf . One theory holds that the Gulf in 
some form existed since late Precambr i an ;  the more popular theory holds that 
the Gulf wa s init iated by plate tec tonic s ( sea-floor spreading ) dur ing ear ly 
Mesozoic.  By ear ly Ju rassic t ime , mar ine water had entered the area f rom the 
west , and a major evapor ite-depos it ion cycle was init iated . At this time the 
area was probably landlock ed .  By the late Cretaceou s ,  the area was open to 
the sea , and the salt depos i tion had ceased . Var ious episodes of upli f t  pr ior 
to the Recent (Holocene) Epoch have resul ted i n  the depos ition of up to as 
much as 30 , 000  feet of mater ial . 

Oil and natura l gas are the ch ief mineral industr ies of the area and have 
been for the pa st 50 year s .  However , other indu str ies ,  based on proce ss ing 
such mater ials as ceramic and nonceramic clay s ,  iron ore ,  and sal t ,  are also 
well developed in relation to ava ilable mar kets . 

B . 7 . 2  Hydrology 

The sur face-water  resources of the Gulf inter ior reg ion can best be sum
mar i z ed by br ie fly reviewing the sur face-water charac ter istics of each of four 
Water Resource Reg ions (WRRs ) : the Ar kansas-Wh ite-Red , Texas Gulf , Lowe r Mis
s iss ippi , and South At lantic Gulf Regions . The var ious sur face-water parame
ter s  descr ibed for each WRR-- including prec ipitation , runoff , flood history , 
and sur face-wa ter qua l ity ,  ava i labil ity ,  and demand--may vary s ign i f icantly 
between and within WRRs .  

The Ar kansas-Wh ite-Red Reg ion (AWRR) ,  wh ich consists of 26 5 , 000  square 
mile s  in Oklahoma , Lou isiana , Ark ansas , Texa s ,  Missour i ,  Kansas ,  New Mexico , 
and Colorado , inter sec ts only a small midwestern por t ion of the Gulf inter ior 
reg i on .  Pr ec ipitation and runoff decrease greatly f rom the humid eas tern 
areas to the semi ar id we stern areas of the AWRR . The AWRR averages 3200 to 
113 , 000 cfs of r unoff , with the maximum stream flow generally occurr ing from 
Apr il to June . Major r iver s inc lude the Ark ansa s ,  Wh ite , Red , and Canadian.  
E:a stern lCMlands of the AWRR are subj ect to severe ra instorms and recurrent 
flash flood ing ; flood ing in the western and central por t ions results from 
intense and infrequent ra instorms of short du ration . Flood-control problems 
have been reduced , par ticular ly in eastern areas , by the construction of 
numerous reservoirs  along maj or r iver s .  Sur f ace-water quality in several 
major wa terways of the AWRR is poor because of widespread natural and 
man- i nduced pollu tion ,  i ncluding natural mineralization ,  mine d ischarges , 
erosion , and mun ic ipal and indu str ial effluents . The ava ilab i l i ty of many 
AWRR sur f ace waters for agr icultural , munic ipal , i ndustr ial , and recreational 
use s  is severely limited by the low quantit ies and qualities of sur face water s  
i n  some par ts of the AWRR . In general , most water supplies are der ived from 
groundwater sources in the western and cen tral AWRR . 

The Texas Gulf Reg ion ('1'3R) , wh ich cons ists of 17 3 , 000 square miles in  
Texas , Loui s i ana , and New Mexico, intersec ts roughly one-third of the we stern  
Gulf inter i or reg ion .  Pr ec ipitation and r unoff decrease dramatically from the 
Texas Gulf Coa st nor thwest to the central and we ste rn areas of the '1'3R . 
Average r unoff is 30 million ac re-ft/yr and is pr i nc ipa lly from the eas tern 
one-fourth of the '1'3R . Major r iver s in the '1'3R include the Sabine , Neches , 
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Tr in ity , and Bra zos . Flood ing in the TGR typ ically results from tropical 
storms or ig inating in the Gulf of Mex ico ; the largest floods have occurred in 
late summer and ear ly fall from hurr icane s .  Total-d issolved-solids concentra
t ions in the TGR vary from less than 100 to over 2500 mg/l , with the upper 
reaches of the Brazos River hav ing the poorest water quality observed . 
A�rox ima te ly ha lf the TGR ' s  water needs are met from sur face-water sources ,  
and sur face-wate r use is expec ted to tr iple by the year 2020 . Although the 
regional supply of sur face water is expected to meet that demand , the unequal 
geograph ic distr ibution of sur face-water supply and demand may pose problems . 

The Lower Miss iss ippi Region ( I.MR) cons ists of about 10 2 , 700 square miles 
in Lou isiana , Mis s i ssippi , Ar kansas ,  Missour i ,  Tennessee , and Kentucky; it 
intersects the central quar ter of the Gulf inter ior region . Average annual 
prec ipitation var ies from 64 inches along the Gulf Coast to 44 inches in 
southern Missour i .  Runoff is rather un iform throughout the I.MR, decreasing 
from 26 to 14 inches per year from coastal to central areas , respectively . 
Roughly 116 , 380 cfs of annual d ischarge is generated w ithin the I.MR. Ma j or 
r iver s  include the Mississipp i ,  St . Franc is , White , Arkansas ,  and Yazoo. 
Flooding generally resul ts dur ing late winter or spr ing from heavy ra ins and 
rapid snowmelt throughou t the Ohio and Mississippi River valleys or in late 
summer or ear ly fall from tropical storms and hurr icanes along the Gulf 
Coa st . Areas subjec t to flood ing are floodpla ins and adjacent areas of the 
M ississippi River , i ts ma j or tr ibutar ies , and coastal areas . By 1970 , I.MR 
flood-control storage tota led 6 , 0 28 , 000  acre-feet , and over 3780 miles of 
levees and floodwalls we re in place . Sur face-water quality throughout the I.MR 
is var iable and dependent on locat ion ; in general ,  however , most  streams have 
good natu ral qua lity . Varying deg rees of man- induced pollution requi re selec
tive use and some pretreatment of sur face waters in some areas of the LMR . 
The I.MR is one of the most water-r ich WRRs in the Un i ted State s ,  with 8 5  
million acre-feet of runoff genera ted within the I.MR and a total o f  485  
million acre-feet d ischarged annually from i ts waterways into the Gulf of 
Mexico. Large increases in sur face-water demand are proj ected by the year 
20 20 , and no shor tages are expected. 

The South Atlantic-Gulf Reg ion ( SAGR) consists of 276 , 000  square mi les in 
South Caro li na ,  Flor i da ,  Virginia,  North Caro lina , Georg ia , Alabama , 
Louisiana , and Missi s s ipp i ;  it encompasses roughly the eastern th ird of the 
Gu lf inter ior region .  Precipitation is generally plentiful and un iformly d is
tr ibuted throughout the SAGR. Average runoff is 3 0 5 , 00 0  cfs . Seasonal h ighs 
in runoff occur from November to Apr il and from June to Oc tober , resulting 
from broad cyclon ic d isturbances and tropical hurr icanes , respec t ively . Ma jor 
r ivers in the SAGR inc lude the Alabama , Tombigbee , Apalachicola,  Santee , and 
Altamaha . Widespread , disastrous flood ing is unconunon , although an estimated 
( in 1968 )  add itional 3 . 3 million acres of land requi re flood protection by 
1980 . Seasonal flood potential is h ighest from December to Apr i l  and from 
August to Oc tober . Areas most prone to flooding inc lude the floodpla ins of 
major r ivers and coa stal area s .  Numerous watershed and flood-control proj ec ts 
have been constr uc ted throughout the SAGR for flood protection .  Natural 
surface-water quality is generally excellent , with dissolved-solids concen
trations averaging less than 100 mg/l .  In some coasta l  pla in streams , h igh 
turbidity and h igh sed iment loads are not unconunon . In some localized areas , 
mun ic ipal , i ndu str ial , and agr icultural sources of pollution have caused 
restr icted use of sur face waters and an increased reliance on upstream reser
vo ir storage and groundwater for mun ic ipal water supplies . Because of abun-
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dant sur face-water and groundwater supplies with in the SAGR , no current or 
proj ec ted water shor tages are expec ted . 

Good-quality groundwate r  is present throughout the Gulf inter ior region ,  
and i t  is used extens ively for dome stic , municipal , and industr ial purposes .  
Several aqu ifer s or hydrologic un its .�re recognized in the post-Cretaceous 
coa stal pla in sed iments . They compr ise a th ick sequence of interbedded sands , 
clays , and mar ls in wh ich the more permeable mater ials provide aqu ifers con
f ined between the less permeable clays and marls . Impor tant water-bear ing 
units or aquifers in the reg ion include the Wilcox-Carr izo un its , the Spar ta 
(Kosc iusko) Formation, Miocene sands , and Ple istocene to Recent alluvial 
valley deposits . The water-bear ing format ions rece ive recharge in the ir out
crop areas from prec ipitation and stream flow,  although under present condi
tions the aqu ifer s are full , and most of the water ava ilable for recharge is 
rej ec ted , moving laterally and d ischarging to low stream valleys . 

B . 7 . 3 Climate 

The Gulf inter ior reg ion lies with in a humid temperate zone with moder
ately h igh wi nter temperatu res and modera te amounts of ra infall throughout the 
year . These cond it ions ind icate a re lat ively low potential for wind eros ion . 

Although th is area has exper ienced s ign if icant temperature decreases 
( 9-28 . 8°F) in the recent geologic past , ind icat ions of glac iat ion with in 
that per iod are absent . In fact , the previous glacial boundary appears to be 
more than 435  mi les nor th of th is reg ion .  

Severe�weather occu r r ences i n  the Gulf inter ior region generally take the 
form of high wind s  and prec ipitation assoc iated with hurr icanes that intr ude 
inland f rom the Gulf of Mexico .  The 1 00-year-recurrence events for these two 
meteorolog ical phenomena ar e 11 inches of precipitation within a 24-hour 
per i od  and winds of 90 mph . Another severe-weather phenomenon exper ienced in 
this reg ion is the occasional tornado (rang ing from 6 in a 12-year per iod on 
the Lou isiana-Mississ ippi border to 43 or more in por tions of nor thea st Texas 
dur ing the same per iod ) . 

Generally moderate mix ing levels together with moderate wind speeds and 
rolling terrain make the Gulf inter ior region un likely to exper i ence inver
sion s .  Stations with in and near th is reg ion have repor ted 13 to 28  episode
days of poor d ispersion with in a 5-year per iod .  

The region , l i k e  most of the country , exper iences per iods when the 
national ambi ent a i r-qua lity standards (NAAQS) for par ticulates are exceeded . 
Trends in air quality ,  as evaluated by the Environmental Protection Agency 
(EPA) , indicate a very g radual improvement in th is cond i t ion in the Gulf 
inter ior reg ion ,  pr imar ily as a result of improved pollution-control 
technology . There are al so a number of areas within th is reg ion that have 
been designated by the EPA as areas of concern for the control of photo
chemical oxidants . In most cases ,  these area s ,  consisting of large metropoli
tan site s  and the ir irruned iate surround ing s ,  are presently exceed ing NAAQS for 
th is pollutant . 
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With regard to the Prevention of S ignificant Deter ioration , the reg ion 
lies within a Cla ss II area , wh ich allows for moderate industr ial develop
ment . The nearest ( presently de fined) Class I areas are more than 100 miles 
away . 

B . 7 . 4 Background Rad iation 

Data for approximate ly 38 locations in the Gulf inter ior reg ion and sur
rounding terr i tory i nd icate that the region is about average in natural ter
restr ial and cosmic background rad iation . The highest reported background 
radiation values are in Texas ,  but regional var iations appear to be 
ins ignif icant . 

B . 7 . 5  Demograph ic , Soc ioeconomic , and Land-Use Systems 

In ea stern Texas ,  the Gulf inter ior region is a rural area with many small 
towns .  The major cit ies within the area are Tyler and Longview ,  but large 
urban areas such as Dalla s ,  Fort Worth , Waco , and Austin are adj acent to the 
reg ion . Approximate ly 7 5 %  of the population is wh ite ; the rema ining is black 
(except for the 0 . 7 %  that is Ind ian , Chinese , Japanese , or other ) .  The total 
population of the area wa s 766 , 154 in 1970 , and most of the counties showed a 
population-g rowth rate of more than 7%  between 1970 and 1975 . Per capita 
income for the reg ion was $3 119 . 

The Gulf inter ior reg ion in Lou is iana encompasses 298 par ishes in the 
northern part of toe State and includes the c i ties of Shreveport ,  Monroe , and 
Alexandr ia .  The tota l populat ion of this area wa s 1 , 06 2 , 68 5  in 1970 . Popula
tion g rowth was slower in Lou isiana than in Texas ,  and many par ishes had a net 
decline of up to 10% between 197 0 and 197 5 .  Annual per capita income in 1974 
for the region was $2788 . 

There are 35  counties in the Gulf inter ior reg ion in Mis s i s s ippi .  The 
largest c i ties in the region are Jac k son , Mer idian , Hattiesburg , and 
Vicksburg . The total population for the area was 7 7 8 , 158 in 1970 and 
i ncreased to 1 , 064 , 217 (estimated) in 197 5 .  S ix counties exper ienced a 
decline in population between 1970 and 1975 , and count ies other than those 
having the maj or c ities mentioned above had a slower growth rate than the rest 
of the nation and the slowe st for all states in the Gulf inter ior reg ion . 
Near ly 66 % of the 1970 population was whi te ,  34% was black , and less than 1% 
wa s of other or ig in.  Per capita income grew by 50  to 7 0 %  between 1969 and 
1974 , and the regional average annual per-capita income was $28 26 in 197 4 .  

The economy of the eastern Texas reg ion is largely resource or iented.  
Extract ive indu str ies such as mining , petroleum , and natural gas extraction , 
manufac tur ing based on reg ional resources ,  and agr iculture compr ise the core 
of the export economic bas e .  In rural counties in eastern Texas ,  tour i sm is  
an impor tant element in the local economy . Mining and manufactur ing activi
ties account for 33%  of the total employment . F.astern Texas is a producer of 
agr icultural crops and livestoc k ; some counties produce considerable amounts 
of l ive stock and poultry for export to other sta tes . 
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Much of the reg ion in Louis iana is rural and is used for agr icultural 
crops , graz ing , or fore sts . More than 64% of the total employment is located 
in the Shrevepor t ,  Monroe , or Alexandr ia urban area s .  The State is one of the 
large st producers of natural gas and petroleum. Manufactur ing is located near 
the larger urban areas , and indu str ies based on lumber and wood produc ts , food 
produc ts , pr imary metal produc ts ,  fabr icated metal products and appliances ,  
textiles and appare l ,  and chemicals all have notable employment .  I n  1970 the 
agr icultural production of crops was centered in the lowland region along the 
Mississippi River ; livestock production was concentrated in upland areas . 
Total agr icultural income in 1974 was $445 million , up 114% from 1969 , with 
approximately 7 0 %  attr ibuted to crops and hay . 

Manuf actur ing accounts for 31% of the total employment in the Mississ ippi 
por tion of the Gulf inter ior reg ion and represents the largest s ingle employ
ment sec tor . Extractive industr ies ( natural gas and petroleum , sand and 
gravel ,  and other minerals)  employ less than 20% of the labor force . Agr icul
ture is also a s ign ificant contr ibutor to the local economy . Lowland counties 
of the Mississippi River basin are intens ively cultivated for field and row 
c rops ; upland counties are extensively used for livestock grazing .  

The major ity of the population in the eastern Texas Gulf inte r ior reg ion 
lies in the Tyler and Longview urban areas . As much as 10% of the area is in 
urban use s ,  and the average populat ion density throughout the area is 0 . 0 2 
per son per ac re . Vast expanses of woodlands and agr icultural land charac
ter ize the area . F.astern Texas has three national forests totaling 507 , 0 12 
ac res :  Ange lina ,  Davy Crockett , and Sabine . Recreational uses of lakes and 
re servoirs and par ks in the area are rapidly growing , and second-home develop
ment around some lakes ( i . e . , the Cedar Creek Reservoir )  has occurred recently . 
The Federal Government ma inta ins and is acquir ing jurisd iction over sizable 
land areas to meet growing demands for var ious rec reational use s .  · Airports 
are common throughout eastern Texas ; restr icted or proh ibited a i r spaces with 
var ious alt itude and a i rcraft-ope ration l imitations are also present . Highway 
and rail systems are extensive throughout the area . One Ind ian reservation 
ex ists in Polk County , Texas .  

I n  Lou isiana most urban land in res idential , commerc ial , and industr ial 
use s  is around the c ities of Shreveport ,  Monroe , and Alexandr i a .  Outs ide 
these urban area s ,  small towns are numerous ,  but rural areas are , for the most 
part ,  devoted to agr iculture or fore sts . Upland par ishes in northwestern 
Lou isiana have less field and row crops and more livestock-graz ing land than 
do lowland par ishes along the Miss i ssippi River . The Kisatchie National 
Forest is  distr ibuted in several parcels throughout Louisiana ; the total 
acreage of all parcels is 500 , 30 2  acres , or 6 . 1% of the land in the area . 
State fish and wildlife management areas and state forests provide abundant 
r ecreational use s .  Ai rpor ts of varying size are found throughout the area ;  
restr icted and proh ib ited airspaces with varying limitations are also 
present . Ra il and highway systems are we ll developed in a ll of Lou isiana . 
One Ind ian reservation is located in the area . 

The largest c ities in the Gulf inter ior region in Miss i ss ippi are Jackson 
( 166 , 57 2 ) , Mer idian ( 46 , 2 56 ) , Hattiesburg (38 , 097 ) , and Vicksburg (29 , 7 26 ) . 
Like Louisiana , the area is  largely rural , with agr icultural lands predomi
nating .  Five national forests in the area cover 1 . 7  mi llion acres , or 15% of 
the area .  Many types of uses are provided , including rec reation as well as 
timber harvesting . Airpor ts of var ious sizes are found throughout the area,  
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as are restr icted airspaces . Ra il and highway systems are we ll developed . 
One I nd i an reservat ion is located in Leake County , ou tside the Gulf inter ior 
region .  

B . 7 . 6  Terrestr ial Ecosystems 

In the Gulf inter ior reg ion and surround ing te rr itory in Texas there are 
nine potential vegetation types , rang ing f rom mixed hardwood-sof twood fore sts 
to open pra ir ies and savannahs .  No ecolog ical reserves have been established 
in the ba sin,  but a number of locally admin istered natural areas do insure 
preservat ion of habitats in as near an und isturbed cond it ion as poss ible . 
Important an imal spec ies include approx imately 9 furbearers , seve ral game 
an imals , and 20 protec ted , threatened , or endangered spec ies . 

Ma j or range types in the Texas Gulf inter ior region include g ra sslands , 
shrubland s and chapar ral , and pinyon-j uniper woodland s .  The rangeland has a 
relat ively h igh produc t ivity compared to the typical western range , and live
stock and livestock produc ts accounted for the highest por tion of all ag r icul
tu ral produc ts sold in the Texas Gulf inter ior region in 1974 ( 47% ) . Th is was 
followed by poultry and poultry products ( 36 % ) , crops and hay ( 12 % ) , nur sery 
and g reenhouse produc ts ( 3% ) , and forest products on farms ( 1 % ) . Harvested 
hay , sor ghum , and cotton we re the crops cover ing the greatest land area in 
197 4 .  Corranercial forests in counties within the ea st Texas Piney Woods region 
cover about 63%  of the reg ion . Forest types with the most coverage are 
loblolly-shortleaf pine ,  oak-pine , and oak-hickory . 

Only four potential vegetat ion types occur within the Gulf 1nte r ior reg ion 
of Lou isi ana--pra i� ie and three k i nds of mixed hardwood-and-sof twood forests.  
However , the var iat ion with in these vegetation types , due to man ' s  act iv it ies 
as we ll as the natural soil and cl imatic var iations , contr ibutes to diverse 
wildlife habitats . In add it ion to one ecological reserve , the Bayou Boeuf 
Natural Area , there are several State , pr ivate , and Federal wildlife areas . 
Impor tant an imal spec ies inc lude approximately 13 furbearer s ,  11 game manunals , 
and 6 threatened or endangered speci e s .  

Livestock gra z ing occurs on cult ivated pasture a s  well a s  i n  forested 
lands . Livestock and livestock products represented only 18% of the value of 
ag r icultural products sold in 197 4 .  Pr inc ipal livestock types produced in the 
area in 1974  were beef  and dairy cattle . Livestock produc t ivity var ies 
throughout the area , as does the productivity of ag r icultural crops and timber 
resources , the most productive livestock par ishes be ing De Soto , Caddo , 
Richland , Natch itoches , and Rapide s .  Ag r icultural crop production was largest 
in Mor ehouse , Ea st Carrol , Mad ison , and Avoye lles Par ishes ; crops and hay 
repre sented 70% of all ag r icultural products sold in the Louis iana Gulf 
inter ior region in 197 4 .  Cotton was the crop with the largest harve sted a rea , 
followed by soybeans , r ice , corn ,  sorghum , wheat ,  and sugarcane . There are 
three ma j or forest types in Lou isiana :  southern pine , upland hardwood 
(oak-h ickory) , and bottomland hardwood . Commercial southern pine forests are 

mostly longleaf and slash pines in the southern half of the State and short
leaf and loblolly pines in the nor th . Bottomland hardwoods inc lude such 
species as oak , gum , cypress , e lm ,  ash , and cottonwood . The production of 
timber resources wa s h ighest in Ouach ita , Caldwe ll , Winn ,  Natch itoches , 
Sab ine , and Caddo Par ishes . 
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In Miss issippi , as in Lou isiana , there are only four potential natural 
vegetation type s ,  but one , the blackbelt , is limited to the Gulf inter ior 
reg ion of Mississ ippi and Alabama . S ix ecological natural areas have been 
establ ished in the Gulf inter ior region of Miss iss ippi for the preservation of 
vegetation types and wildlife habitat.  Impor tant animal spec ies include 
aR>rox imately 11 furbearer s ,  11 game animals ,  and 13 species on the Fede ral 
list of threatened and endangered spec ies . 

In the Mississippi Gulf inter ior region ,  poultry and poultry pr oducts 
accounted for the highest por tion of all agr icultural products sold in 1974 
{ 45% ) , followed by crops and hay { 30% ) , and livestock and livestock pr oducts 
{ 2 2 % ) . Rangeland and wooded pasture are extensively distr ibuted throughout 
the area . Soybeans ,  hay , and cotton were the crops with the largest harve sted 
area in 197 4 .  Commerc ial forests are extens ive , cover ing about 62% of the 
land area in Mississippi . Commercial forests w ith the large st areas are 
oak-h ickor y ,  loblolly-shor tleaf pine , oak-pine , and oak-gum-cypress . 

B . 7 . 7  Aquat ic Ecosystems 

The Gulf inter ior reg ion is noted for its extensive and valuable recrea
tional and commercial warm-water stream and lake f isher ies . Stream and lake 
habitats in the reg ion can be divided into bottomland and upland habitat 
type s .  Bottomland hab itats are generally in the larger , deeper , slow-moving , 
and turbid streams and r ivers that meander through the inter ior reg ion .  Up
land habi tats are generally in the smaller , fa ster-moving creeks and streams 
that are the tr ibutar ies of the major waterways within the reg ion . Six endan
gered f ish species have been ident ified in the Gulf inter ior reg ion ;  all six 
spec ies are found in the State of Mississ ippi . 

B . 8  THE HANFORD SITE* 

The Hanfor d S ite is a 600- square-mile tract in the southeastern part  of 
Washing ton State .  I t  i s  semiar id,  and the closest population center is 
Richland , 5 kilometers to the south .  

B . 8 . 1  Geology 

The Hanford S ite is  in the Columbia Plateau physiograph ic province , wh ich 
is char ac ter ized by the occu rr ence of a thick sequence of thole i itic basalts 
and var ies significantly in topograph ic expression as well as struc ture 
{Figure B-5 ) . The Columbia basin section is a broad geolog ic and structural 
basin in the inter ior of the province ; the Hanford S ite is located in the 
Pasco ba sin , wh ich is one of several subbasins . 

*Source : Pr ivate communication from K .  R. Fecht ,  Rockwell Hanford 
Operations , December 1978 . 
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Figu re B-5. Location of the Columbia Plateau basalts. 

The Columb i a  bas i n  conta ins the Channeled Scablands formed at the close of 
Ple istocene glaciat ion by mul t iple catas troph ic floods . The floods occur red 
as ice-dammed la kes re leased tor r ents of water and ice when the ice dams were 
br eached . 

The reg ional geology is dominated by Cenozoic rocks and structures . 
Dur ing the Cenozoi c  Era , numerous basalt magma ou tpour ings f rom ex tens ive 
f i s s ure systems flowed ac ross the Columbia Pla teau and into reg iona l areas of 
s ubsidence , s uch as the Pa sco ba s i n ,  where th ick s ec t i ons of ba salt accumu
lated . The th ickness of the basal t  sequence is an average of 1800 feet in the 
Columbia Pla teau and is more than 10 , 0 00 feet in the Pa sco ba s i n .  The f r e
quency and s i z e  of the eruptions decr eased and then ceased dur ing the la te 
Te r t i ary per i od  ( about 6 m i l li on years before the presen t ) . 

Reg ional sub s i dence cont i nued and wa s accompan ied by reg ional nor th-south 
compression ,  wh i ch has resul ted in folding of the basalt sequence and in the 
format ion of a number of roughly ea st-we st-tr end ing ant icl inal r idges in the 
central part of the Columbia Pla teau . At the Hanford S i te ,  th is r idge sys tem 
is represented by the Ratt lesna ke Mounta ins , the Ya kima Ridg e ,  and the 
Umtanum-Gable Mounta in Ri dg e .  
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With in and on top of the basalt sequence are sed imentary depos its.  The 
interbeds between basalt flows consist of tuffs , tuffaceous sed iments , and , in  
some locations , stream-carr ied sed iments . Interbeds are more prevalent in the 
upper part of the basalt sequence . 

The top of the basalt sequence is covered with fluvia l ,  glac iofluvial , and 
eolian depos its . In the Pasco basin , the basalt is covered by up to 1000  feet 
of fluvial sed iments ( the Ringold Formation) overlain  with up to 300  feet of 
glac iofluvial sed iments ( informally named the Hanford Formation ) . EX>lian de
pos its overlie  the Ringold Formation in the we stern part  of the Hanford Site . 
The basement rocks below the basalt sequence are of uncerta in compos ition but 
are probably sandstones and sha le . Gran itic rock s are probably

. below that . 

Mineral resources are sand and gravel ,  basal t ,  and possibly natural gas . 
Natural gas has not been detected in the recent dr illing of deep boreholes . 

The Columbia basin is a region of low se ismic ity in which moderate ear th
quakes have occurr ed . Microse ismic ac tivity at the Hanford S i te indicates low 
levels of stre ss re lie f ,  genera lly shallow focal depths ,  and no obvious rela
tionship to any geolog ic structure . The maximum known ear thquake intens ity in 
the vic i n ity of the s i te was le ss than IV on the mod i f i ed Mercalli scale . 

Faults in the reg ion are assoc iated with folds in the basalt and appear to 
re flect local adj ustments to folding . They are relatively shor t in l ength 
( less than 30 mi les) , with generally small displacements ( less than 500  feet) . 

B. 8 . 2  Hydrology 

The Pasco basin is a ser ies of confined aquifers overlain  by an unconfined 
aqu ifer . The area is bounded by r i dges to the north , south , and we st and by a 
broad reg ional monocline to the east . 

The confined aquifers are pr imar ily the permeable interbeds and inte r flow 
zones in the basalt sequence . The inter flow zones are character ized by ves ic
ular rock or by interconnec ted fractur ing caused by rapid cooling of the basa lt 
magma.  There is very l i ttle hydraulic interconnect ion between aqu ifers s i nce 
the central  volume of the basalt flows is dense and has a very low permeabil
ity .  Fractu res in  the basalt have been f i lled with secondary minera lization 
products such as montron ite . The confined aquifers are recharged by prec ip i
tation , stream r unoff , and infiltration f rom the over lying unconf i ned aquifer 
or distant recharge points . Discharge of the upper aqui fer is to the Columbia 
River . 

The unconfined aquifer occurs above the basalt  sequence up to about the 
top of the Ringold Formation . The g roundwater movement is d istor ted by local 
geolog ic struc tures and has been mod i f ied by waste-disposal activities at the 
Hanford S i te .  

Between the top o f  the unconfined aquifer and the land sur face is the 
vadose zone . Th is unsaturated zone is up to about 300  feet thick and is  
extremely dry below about 30 feet .  In  th is desiccated zone , there is nearly 
no downward movement of water . 
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B . 8 . 3  Climate 

The climate of the Columbia basin region is dominated by the Cascade 
Mountain Range to the west and by the prevalent direction of storm fronts from 
the Pac ific Ocean . Summers are relatively hot and dry ,  most of the average 6 
i nches of precipitation falls dur ing the winter , and there are occasional 
per iods of high wind s .  Preva iling winds are from the northwest . 

Tornadoes are infrequent . It has been estimated that the probability of a 
spec ific surface str uc ture ' s  being hit by a tornado is only 6 in one mi llion . 

Thunder storm activity is  low . The est imated annual ligh tning str ike fre
quency is  0 . 022  for a typ ical Hanford building . 

B . 8 . 4  Demography 

There are an estimated 2 5 0 , 000  people within 50 miles of the Hanford 
S i te .  The e st imated mean g rowth rate to the year 2000  is 0 . 7% .  

B . 8 . 5 Histor ic and Archaeological S ites 

There are five locations l i sted a s  h istor ic s i tes or as n�tural land
marks  with in 50 miles of the Hanford Site . None are on the site .  There are 
over 200 Indian archaeological s i tes in the Hanford area , and many of them are 
along the Columbia River where it passes through the Hanford S tte . 

B . 8 . 6  Ecology 

The ecolog ical aspects of the Hanford Site are consistent with the semi
ar id climate . The pr i nc ipal plant corranun ity is the sagebrush-cheatgrass
bluegrass association : mammals include the coyote , the rabbit , mule deer , and 
small rodents: bi rd s  i nclude the chukar par tr i dge,  western meadowlar k ,  migra
tory duck s  and gee se ,  and several spec ies of predatory birds . There are 
several thousand insect species and about 15 species of snakes and lizards . 
The aquatic ecosystem consists of the Columbia River and a few ponds and 
d itches . 

Rare , threatened , and endangered spec ies inhabit ing the Hanford � . ce in
clude three plant spec ies and seven bird species . The status of some of the 
latter has not been determined . 
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Appendix C 

PRESIDENT CART E R'S M ESSAG E TO CONG R ESS 
ON T H E  MANAG EM E NT OF RADI OACT I V E  WAST E :  

AND 

THE F I N D I NGS AND R ECOM M E N DAT IONS OF T H E  I NT E R AG E NCY 
R EV I EW G ROUP ON NUCLEAR WASTE M ANAG E M E NT 





Append ix C 

PRESIDENT CARTER ' S  MESSAGE 'IQ CONGRESS 
ON THE MANAGEMENT OF RADIOACTIVE WASTE 

AND 

THE FINDINGS AND REX::OMMENDATIONS OF THE INTERAGENCY 
REVIEH GROUP ON NUCLEAR WASTE MANAGEMENT 

Two documents have been e spec ially impor tant in establish ing a national 
policy for the management of radioactive wa ste : President Car ter ' s  message to 
Cong re ss on Febr uary 12 , 1980 , and the 1979 report of the Interagency Review 
Group . Th is append ix conta ins the entire message and excerpts from the repor t .  

C . l  PRESIDENT ' S  MESSAGE 

On February 12 , 198 0 , President Car ter established a comprehens ive program 
for the management of radioac tive wa ste .  H is message to the Cong ress of the 
Un ited State s stated the obj ec tives of that program and outlined the steps to 
be taken in carrying it out .  The me ssage spec ifically ment ioned the WIPP 
projec t  and the site near Car lsbad , New Mexico. The rema inder of th is sec tion 
is a complete text of President Car ter ' s  messag e .  

PRES IDENT CARTER ' S  MESSAGE 'IQ CONGRESS 

(Febr uary 12 , 198 0 )  

'ro TH E  CONGRESS OF THE UNITED STATES : 

Today I am esta bl i sh ing th is Nat ion ' s  f i r s t  comprehens i ve radioact ive waste management 
prog ram . My paramount obj ec t ive in managing nuclear wa stes is to protect the heal th and 
safety of all Amer ican s ,  both now and in the future . I share th is respons i b i l i ty with elect
ed o f f ic i a l s  at a ll levels of our government . Our c i t i zens have a deep concern that the 
bene f i c i a l  uses o f  nuc lear technology , inc lud ing the generat ion of electr i c i t y ,  not be al
lowed to imper i l  public health or safety now or i n  the futu re . 

For mor e than 30 yea r s , r a d i oa c t ive wa stes have been gener a ted by programs for na t iona l 
def ense , by the commer c i al nuclear power p r og ram ,  and by a var iety of medical , i ndustr i a l , 
and research ac t i v i t i e s .  Yet , past governmental effor t s  to manage rad ioa c t ive wa stes have not 
been techn ica l ly adequa te. Moreover , they have f a i led to i nvolve succe ssful ly the State s ,  
local gover nmen t s ,  and the publ i c  i n  policy or program dec i s ions . My act ions today lay the 
founda t i on  for both a techn ically super i or program and a full coope rat ive Federal-State part
ner s h ip to ensure publ i c  conf i dence in a waste management program. 

My p rog ram is c on s i stent w i th the b r oad consensus that has evolved f rom the effor ts of 
the Interag ency Rev iew Group on Rad ioact ive Waste Management ( IRG) wh ich I estab l i shed . The 
IRG f i nd ings and analy s i s  were comprehen s ive , thoroug h ,  and w i de ly rev iewed by pub l i c ,  i ndus
try and c i t iz en group s ,  State and local governmen t s ,  and member s  of the Cong ress . Eva lua
tions of the sci ent i f ic and techn ical analyses were obta ined through a b r oad and r igorous 
pee r rev iew by the sc ien t i f i c  commun i ty .  The f i na l  recommendat ions benef i ted from and re
flect th is inpu t .  
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My obj ec ti ve is to establi s h  a comprehen s i ve program for the management of a l l  types of 
radioac t i ve wa s te s .  My po l i c ies and prog rams e s tablish mechan i sms to ensure that elec ted 
o f f i c i al s  and the pub l i c  fully par t i c ipate in wa ste dec i s ions , and di rect Federal departments 
and agenc ies to implement a wa s te management s tr a tegy wh i ch is safe , techn ically sound, con
ser va tive , and open to cont inuou s pub l i c  rev iew. Th i s  approach w i l l  help ensure that we will 
reach our obj ect ive--the safe s torage and d i sposal of a l l  forms of nuclear was te .  

Our pr imary obj ec t ive i s  to iso l ate exi s t i ng and future radioact ive wa ste from m i l i ta r y  
and c i v i l i an  ac t i v i ties f rom the biosphere and pose no s ig n i f icant threat t o  pub l ic heal t h  
and safet y .  The respon s i b i l i ty f o r  resolving m i l i ta r y  and civi l i an was te management problems 
shall not be def e r r ed  to futu re g enera t i ons . The techn ical program mu st meet all relevant 
rad iological protec t i on cr i te r ia as well a s  all other app l i cable regulato r y  requi rements . 
Th is effort must p roceed rega rdle ss of future developments w i th i n  the nuclear i ndustry-- i ts 
future s i z e ,  and re so l u tion of spec i f i c  fuel cycl e ,  and reactor des i g n  issues . The spec i f ic 
s te ps out l i ned below a re each a im ed  at accomp l ishing this overa l l  obj ec t ive . 

Fi r s t ,  my Adm i n i s t r a t ion is corruni tted to prov i d i ng an ef fec tive role for State and local 
governments i n  the development and implementa t i on of our nuclear waste management prog r am .  I 
am the r e fore ta k ing the following ac tion s :  

• By Executive Orde r , I am establ i sh i ng a S ta te Plann ing Counc i l  which w i l l  strengthen 
our i n tergovernmental relationsh ips and help f u l f i l l  our j o int respon s i b i l i ty to 
protec t publ i c  hea l th and safety i n  radioact ive waste ma tte r s .  I have asked Governor 
Ri ley o f  South Caro l i na to serve as Cha i rman of the Counc i l . The Counc i l  w i ll have a 
tota l of 19 member s :  1 5  who are Governor s or other elec ted o f f i c i al s , and 4 f r om  the 
Execut ive depar tments and agencies . I t  w i ll adv ise the Execut ive Branch and wor k 
with the Cong ress to address rad ioac t ive wa ste management issues , s uch as planning 
and s i ti ng ,  con s tr uc t i on ,  and ope ration of fac i li t i es . I w i ll s ubmi t  leg i s l a t ion 
du r ing this sess i on to mak e  the Counc i l  permanen t .  

e In the pa st , Sta tes have not played an adequate pa r t  in the wa s te management planning 
process--for example, i n  the eva luat ion and location of poten t ia l  waste di sposal 
si te s .  The States need better access to in format ion and expanded oppor tun i ty to 
gu ide wa ste management plann i ng .  Our relat ionship with the S ta tes w i l l  be based on 
the pr i nc i ple of cons ul t a t i on and concu r r ence in the s i t ing of h igh level waste re
pos i tor ies . Unde r  the framewo r k  of consulta t ion and conc u r r enc e ,  a host State w i l l  
have a cont inuing role in Federal dec is ionmak i ng o n  the s i t i ng , de s ig n ,  and constr uc
tion of a high leve l wa ste repos i to r y .  State consulta t ion and conc u rrence , however , 
w ill lead to an acceptable solu t i on to our waste d i spos a l  problem only if all the 
States par t i c ipate as par tners in the program I am pu t t i ng for th . The safe di sposal 
of radi oac t i ve wa s te , defense and corrunerc i al , is a na t i ona l ,  not j ust a Federa l ,  
respon s i b i l i t y . 

e I am d i rec t i ng the Sec retary of Ener gy to prov ide f i nanc i a l  and technical a s s i s tance 
to S t a tes and other j u r isd i c t i ons to f ac i l i ta te the full par t ic ipa t i on of State and 
local government in rev iew and li cens i ng proceed ing s .  

second , for d isposal o f  high level radioact ive wa ste , I am adopting an inter im plann i ng 
s t r a tegy focused on the use of mined geolog ic repos i tor ies capable of accepting both wa ste 
f rom reproce ss i ng and unreprocessed corrunerc ia l  spent fue l .  An inte r im s t r a tegy is needed 
si nce f i nal dec i si ons on many s teps wh i ch need to be taken should be preceded by a full env i
ronmen tal rev i ew under the Nat i ona l Env ironmen ta l  Po l i cy Ac t .  In its search for sui table 
si tes for h igh level wa s te reposi tor ies , the Depar tment of Energy has mounted an expanded and 
d iver s i f ied program of geologic investigat ions that recogn izes the importance of the interac
t i on among g eolog ic setting , repo si tory host rock , waste for m ,  and other eng ineered bar r iers 
on a s i te-spec i f i c  bas i s . Immed iate atten t i on will focus on research and development , and on 
loca t i ng and char ac ter i z ing a number of potential repos i tory s i tes in a var ie ty of d if ferent 
geo logic env i ronments with diver s e  rock types .  When four to fi ve s i tes have been evaluated 
and found potent i a l ly s u i table , one or more w i l l  be sel ec ted for fur ther development as a 
li censed full-scale repos i tor y .  

I t  i s  impor tant to stress the following two points : Fi r s t ,  because the s u i tab i l i ty o f  a 
g eolog ic d i sposal s i te can be ver i f i ed  only through deta iled and t ime-consuming s i te spec i f ic 
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evaluat ions , actual sites and the ir geolog ic env ironments must be carefully examined . sec

ond , the develoi;rnent of a reposi tory w i ll proceed in a care ful s tep-by-step manner . Expe r i 
er.ce and information ga ined a t  each pha se will b e  rev iewed and evaluated to determine if 

there is sufficient k nowledge to proceed with the next stage of develoi;rnent .  we should be 
ready to se lec t the s i te for the f i r s t  full-scale repos i tory by about 1 9 8 5  and have it opera
tional by the mid- 1 9 90 ' s .  For rea sons of economy , the f i r st and s ubsequent reposi tor ies 
should accept both defense and commerc ial wa stes . 

Con s i stent w ith my dec is ion to expand and d iver s i fy the Depar tment of Energy ' s  program of 

geologic investigation before selec t i ng a spec i f ic s i te for repos itor y develoi;rnent ,  I have 
dec i ded that the wa s te I solation P i lot Plant pro j ec t  should be cancelled . Th i s  proj ect i s  
cur r ently author ized for the un licensed d isposal o f  transuranic waste from our Nat ional de

fense prog ram , and for research and develoi;rnent using h igh level defense wa ste . Th is proj ec t  
is inconsistent with my po l i cy  that a l l  repos i tor ies for h ighly radioactive waste be li
censed ,  and that they accept both defense and commerc ial was tes . 

The s i te near Car lsbad , New Mexico, which was being cons i de r ed for this proj ec t ,  will 
continue to be evaluated along with other s i tes in other par ts of the country . I f  qua l i f ied , 
it will be rese r ved as one of several cand idate s ite s for poss ible use as a l icensed repos i
tory for defense and commerc i a l  high level wa s tes . My f iscal year 1981 budget contains funds 
in the commer c ial nuclear wa ste program for protec tion and cont inued investigation of the 

Car l sbad s i te .  Finally , it is impor tant that we take the t ime to compar e  the New Mexico s i te 
with other sites now under eva luation for the f i r s t  wa ste repos i tory .  

over the next f ive year s ,  the Depar tment o f  Ener gy will carry out an aggress ive prog r am 
of scien t i f ic and techn ica l investigations to suppor t wa ste so l i d i f ication , packag ing , and 

reposi tory design and constr uc t i on i ncluding several exper imental ,  retr ievable emplacements 
in te st fac i li t ies . Th is suppor t i ng research and develoi;rnent prog ram will call upon the 

knowledge and exper i ence of the Nation ' s  very best people in science , eng ineer ing , and other 
f ields of learn i ng ,  and will include par t i c ipation of univer s it ies , industry ,  and the govern

ment departments , agencies , and national laborator ies . 

Th ird , dur ing the inter im per iod before a d isposal fac i l i ty is ava ilable , waste must and 
w i ll continue to be cared for safely . Management of defense waste is a federal respons ibil
ity i the Depar tment of Ener gy  will ensure close and met iculous control over defense waste 

fac i l i t ies wh ich are vital to our na t ional secur ity . I am committed to ma inta in ing safe 
i nter im storage of these wa s tes as long as nece ssary and to making adequate funding ava i lable 
for that purpos e .  We will also proceed with research and develoi;rnent a t  the var ious defense 
s i tes that w i ll lead the processing , packag ing , and ult imate transfer to a permanent repos i
tor y of the h igh level and transuranic wa stes from defense programs . 

In contra st , storage of commer c ial spent fuel is pr imar ily a responsibil ity of the utili
ties . I want to stress that inter im spent fuel storage capac ity i s  not an alternative to 
permanent d isposal . However ,  adequate storage is necessary until repos i tor ies are ava il

abl e .  I urge the utility industry to continue to take a l l  actions necessary to store spent 

fuel in a manner that w i ll protect the public and ensure e f f i c i ent and safe ope rat ion of 

power reac tor s .  However , a limited amount of government storage capac ity would provide flex
i b i l i ty to our national wa s te d isposal program and an alternative for those ut i l i t ies which 
are unable to expand the ir storage capab i l i t ies . 

I re i terate the need for ear ly enactment of my proposed spent nuclear fuel leg islation . 
Th is propos al would author ize the Depar tment of Ener gy  to : ( 1 )  design, acqui r e  or construct , 
and operate one or more away- f rom- reac tor storage fac i l i t ie s ,  and ( 2 )  accept for storag e ,  
unt il permanent d isposal fac i l i t ies are ava ilabl e ,  domes t ic spent fue l ,  and a l im i ted amount 

of fore ign spent fuel in cases when such action would fur ther our non-prolife rat ion policy 
obj ec tive s .  All cos ts of storag e ,  including the cost of locat i ng , constructing , and operat
ing permanent geologic reposi tor ies , w i ll be r ecovered through fees pa id by ut i l i ties and 

other user s of the service s  and will ul timate ly be borne by those who bene f i t  from the activ

ities g enerating the wa s te s .  

Fourt h ,  I have d irected the Depa r tment o f  Energy to wor k j ointly with state s ,  other gov
e rnment agencies , i ndustry and other or g an i zations , and the public , in developing national 

plans to establ i s h  reg ional d isposal sites for commer c ial low level wa ste . We must wor k 
tog ether to resolve the ser ious near-term problem of low level wa ste d i sposal . Wh i l e  th is 
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task is not inheren t ly d i f f i c u l t  f rom the s tandpoint of safety , i t  requ i res bette r plann ing 
and coord ination .  I endor se the ac t i ons being taken by the Nat ion ' s  governors to tack le t h i s  
problem and di rec t the Sec retary of Energy to wo r k  w i th them in suppor t of the i r  ef for t .  

F if th ,  the Fede ral prog rams f or regulat ing r ad i oact ive wa s te s torag e ,  t r anspor tation , and 
d isposal are a c r uc ial component of our ef for ts to ensure the hea l th and saf ety of Amer i
c ans . Al though the e x i sting au thor i ties and str uctu res are basically sound , improvements 
must be made in sever a l  area s .  The cu r r ent author ity of the Nuclear Reg u latory Comm i s s ion to 
l i cense the d isposal of h igh level wa s te and low level waste in commer c ial fac i l i t ies should 
be extended to inc lude spent fuel stor age , and d i s posal of transuranic waste and non-defense 
low level wa s te i n  any new government f ac i l i ties . I am d i r ec t i ng the Environment a l  Protec
tion Agency to consult with the Nuclear Regulatory Comm i s s ion to reso lve issues of over lap
ping j ur isd i c t i on  and pha sing of regula tory ac t i on s .  They should al so seek ways to speed up 
the promulgat ion of the i r  safety regu l a t i ons . I am a l so d i rec t i ng the Depar tment of Trans
porta t ion and the Env i r onmenta l Protec t i on Agency to improve both the e f f i c i ency of the i r  
regulatory ac t i v i t ies and the i r  relat ionships w i th other Federal agenc ies and state and local 
governments . 

S ixth , i t  is essen t i a l  that a l l  aspects of the wa ste management program be conducted with 
the fullest possible d isclos u re to and p a r t i c ipat ion by the public and the technical commun
i t y .  I a m  d irecting the depar tmen ts and agenc ies to develop and improve mechanisms to ensur e 
such p a r t i c ipa t i on  and pub l ic involvement con s i s tent w i th the need to protect nat i onal secur
ity i n format ion . The wa ste management program will be car r i ed out i n  full compl iance with 
the Na t i ona l Env i r onmenta l Po l i cy  Ac t .  

Seventh , becau se nuc lear wa ste management i s  a problem shared by many other coun t r ies and 
dec i sions on wa s te management a l ter na t ives have nuclear p r o l iferat ion implications , I w i l l  
cont i nue to encourage and suppor t b i l ateral and mul t i lateral effor ts wh ich advance both our 
techn ical capa b i l i ties and our under standing of spent fuel and waste management options , 
which ar e cons i s tent with our non-prol i fer a t ion pol icy . 

In i ts role as lead agency for the management and d i sposal of radioact ive wastes and w i th 
cooper a t i on of the othe r  re levant Federal agenc ies , the Depar tment of Energy i s  prepar ing a 
deta i l ed N a t ional Plan for Nuclear Wa s te Management to implement these policy -guide l i nes and 
other recommendat ions of the IRG. Th i s  P lan w i l l  provide a clear road map for all par t i e s  
and w i l l  g i ve the pub l ic -an opportun i ty to revi ew t h e  ent i r ety of o u r  prog r am .  I t  w i l l  
i nc l ude spec i f ic program goa l s  and milestones for a l l  aspects of nuclear was te management . A 
draft of the comp rehensive N a tional P l an w i l l  be d i str ibu ted by the Sec r etary of Energy l a ter 
this year for publ i c  and Congress ional rev i ew .  The Sta te P lann i ng Counc i l  w i l l  be di rectly 
involved in the development of th i s  P l an . 

The Nuc l ea r  Reg u latory Comm i s s ion now has underway an impor tant proceeding to provide the 
Nation with i ts j udgment on whether or not it has con f idence that radioac t ive wastes produced 
by nuclear power reacto r s  can and w i l l  be d i s posed of safel y .  I ur ge tha t the Nuclear Regu
l a tor y Comm i s s i on do so in a t horough and t imely manner and that i t  prov i de a full oppor tun
ity for pub l i c , techn ica l , and government agency par t i c ipat ion . 

Over the pa st two years as I have revi ewed var ious a spec ts of the rad ioac t ive wa s te prob
lem , the compl exi t i es and diff icu l t i es of the i ssues have become evident--both f r om a tech
n i cal and , more impor tant ly ,  f rom an i n s t i t u t i onal and po l i tical per spect ive . However , based 
on the techn ical conclusions reached by the IRG , I am per suaded tha t the capabi l i ty now ex
ists to cha r ac ter i ze and eva l u a te a number of geologic env i r onments for use as repos i tor ies 
bu i l t  with convent i onal mi n i ng technology . We have a l r eady made substant ial progress and 
changes in our prog rams . With th is comprehen s i ve policy and i ts implementation through the 
FY 198 1 budget and other ac t i ons , we w i l l  complete the task of reor ient i ng our e ffor ts in the 
r i ght d i r ec t ion . Many c i t i z ens k now and a l l  mu st under stand that this problem w i l l  be with 
us for many yea r s . We must proceed stead i l y  and with determ i na t ion to resolve the r ema i n i ng 
techn i cal issues wh ile ensur ing full public par t ic ipa t ion and ma intaining the full coopera
tion of a l l  leve l s  of government . We will act surely and w i thou t de lay , but we will not 
compromise our techn ical or s c i ent i f i c  s tandards out of ha s t e .  I l oo k  forward to wor k ing 
with the Congress and the sta tes to implement this pol icy and bu ild publ i c  conf idence in the 
a b i l i ty of the government to do what is req u i r ed in t h is a r ea to protect the heal th and safe
ty of our c i t i z ens . 

JIMMY CARTER 

THE WHI TE  HOUSE 
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C . 2  FINDINGS AND REX:OMMENDATIONS OF THE INTERAGENCY 
RE\TI� GROUP ON NUCLFAR WASTE MANAGEMENT 

An impor tant document in the developnent of the national waste-management 
prog ram has been the report of the Interagency Review Group on Nuclear waste 
Management ( IRG , 1979 ) . After a br ief review of the purpose of this Group and 
i ts maj or technical findings , th is section presents quotations taken from two 
par ts of the Group ' s  repor t :  the sec tions dealing with the disposal of trans
uran ic (TRU) waste and with the d isposal of high-level waste (HLW) . Although 
high-level waste would not be disposed of at the WIPP , the quotat ions dealing 
with h igh-level waste are i ncluded here as refer ence mater ial supporting the 
d iscussion of alternatives in Chapters 3 and 4 .  

The I nteragency Review Group was formed in order to guide the national 
waste-management program . President Car ter called for a review of the waste
management prog ram in h is Apr il 1977 National Energy Plan . In response to 
this request , the DOE establi shed an internal task force and publi shed a draft 
report in Mar ch 1978 . The President then created the formal Interagency Re
view Group on Nuclear waste Management and instructed it to make policy and 
prog ram recoI'llTlendations to h im ,  using the draft report of the DOE task  force 
as one input.  This group , cha ired by the DOE, compr ised representatives of 14 
agencies . It developed a draft report to the President that was published for 
public comment in October 197 8 ( IRG , 197 8 ) . After the review of public com
ment , the I nteragency Review Group published a revised repor t ( IRG , 197 9 ) . 

The Interagency Review Group consulted extensively with the scientif ic 
and technical commun ity , i ncluding independent geologic and environmental 
exper ts . The Group ' s  summary of the major technical findings of this activity 
( IRG ,  1979 , p .  42 ) is  quoted in full below. 

Present scien�i f i c  and technological k nowledge i s  adequate t o  iden t i fy potent ial repos i tory 
s i tes f or f u r ther invest iga t i on .  No s c i en t i f ic or techn ical r ea son is known that would pre
vent iden t i f y ing a s i te that is suitable for a repos i tory provided that the system ' s  view is 
u t i l i z ed  r ig orous ly to evaluate the s u i tab i l i ty of s i tes and de s igns , and in minimiz ing the 
influence of f uture human ac t i v i t i es . A s u i table s i te i s  one a t  wh ich a repos i tory would 
meet p r edetermined cr i ter ia and wh i ch would provide a h igh deg r ee  of assurance that radicr
ac t i ve wa ste can be successf ully isolated f rom the bi osphere for per iods of thousands of 
year s .  For per i od s  beyond a few t housand year s , our capa b i l i ty to a sse ss the per formance of 
the repos i to r y  dimi n is he s  and the degree of assurance is ther efore reduced . The feas i b i l i ty 
of safely d isposing of h igh-level wa s te in mined reposi tor ies can only be a sse ssed on the 
basi s  of spec i f i c  invest igat i on s  at and determ i na t ions of s u i tabi l i ty of par t icular s ites . 
I n f ormati on obta i n ed  at each s ucce ss ive s tep of s i te selection and repos i tory develo:i;xnent 
w i l l  permit reeva lua t i on of r i s k s ,  unce r t a i nt i e s ,  and the abi l ity of the s i te and repos itory 
to meet regulatory standards . Such reeval uat i ons would lead e i ther to abandonment of the 
s i te or a dec i s i on to proceed to the next step. Rel i ance on conserva t i ve eng i neer i ng prac
t i ces and multiple independent barr i e r s  can r educe sane r isks and compens a te for sane uncer
ta int i es . However , even at the t i me of decommi ss i on i ng ,  some uncer ta inty about repos i tory 
per f ormance w i ll st ill e x i st . Thus , i n  a dd i tion to techn ical evalua t ion , a soci etal j udgment 
that cons i de r s  the leve l of r i s k  and the assoc i ated unce r ta inty will be necessary .  

IRG D iscussion o f  a Gener ic Approach to TRU-Waste D isposal 

The Interagency Review Group raised an important issue about TRU waste 
d isposal : should a ded icated TRU-waste repository be built if an oppor tunity 
exists to do so ,  or should TRU-waste disposal awa it the availability of high-
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level-wa s te reposi tor ies and take place there? 
1 97 9 , p .  73 ) that " the IRG still conside r s  that 
THU repository , if an opportun ity is ava ilable , 
co11scr va t i ve and stepwise approach . "  

The IRG repor t  states ( IRG ,  
proceeding with a ded icated 
is cons i s tent with a 

I t  should be noted , however ,  that the I nteragency Rev i ew Group appr oached 
t h i s  que stion g ener ically , as an appropr i a te i nter im strategic-planning bas is 
unt i l  t h e  environmental-review provi sions of the National Environmental Pol icy 
Ac t (NEPA) have been carr ied out . The d iscuss ion by the I nte ragency Review 
Group ( IRG , 197 9 , pp . 69-70 ) of strategies for TRU-waste disposal is  repro
duced in f ull below .  

A o  with choos i ng a strategy for HLW d isposal , the choice o f  a TRU waste d i sposal strategy 
n:u ::;t awa i t  complet i on of an a pprop r i a te envi r onmental impact statement and i ts adopt i on 
Lhr0uqh the NEPA precess . In the meant ime , Federal actions regard i ng the management of TRU 
w.:; s te must not p re j udi ce the choice of strate g i es for the i r  d i sposal . Neve r theless , an i n
t e r im str a t e g i c  plann i ng bas i s  w i l l  be necessary to guide the TRU-waste management prog r ams 
aricl Ro.D .::ic t i v i t i es before that choice is made . 

In laying out the follow i ng techn ical stra teg ies for TRU waste d isposal , the IRG assumed 
Uut u l l  '!'RU wa ste , whether g enerated by commer cial or defense ope r a t i ons , would be d isposed 
or in Lhe same manner because no techn ical rea son exists to treat them di fferently . The two 
� � ra lcg i c s  exami ned by the IRG a r e :  

�!ra�. No spec i a l  ac t i on would be taken to pursue TRU waste d i sposal pr i or to the 
oucn ing of a h i gh-level-waste reposi tor y .  TRU wa ste would be d i sposed of in h i gh-level-waste 
c � posi tor i es whenever they become ava ilabl e .  

Stra tegy 2 .  I f  an oppor t un i ty can be foun d ,  the program would proceed w i th an ear ly 
ded i ca ted TRU reposi tory as soon as a si te could be appropr i a te ly qua l i f i ed and NEPA requi r e
l�Pnts f u l f i l l ed .  

Enough TRU wa ste now exists stored above ground to war r ant the open i ng o f  a reposi tory 
ded i ca ted to TRU . Such a f ac i l ity could probably hold all the TRU waste to be gene rated 
thr ou0h the end of th is centur y .  Of course , once a h igh-level-waste repos i tory were ava i l
a b l e , uec i s i ons on the locat i on for d i sposal of then e x i sting TRU wastes could be made on a 
case hy ca se bas i s  to maxim i z e  convenience and minimize transportation .  A oecond reposi tory 
dcd i ca teu to TRU wa ste alone would seem to be unnecessary . 

B€c a u se of the presence in TRU waste of substant i al quant i t i es of transuran ic r a d i onu
c l i de::; , i ss ues related to l ong-term containment ( such as the potential for groundwater t r an s
p<..•r t ,  �ny poss i b i l i t i es of repos i to r y  breachment ,  and concerns about m ineral resources or 
tPc ton i sm )  are i dent i cal for TRU and HLW repos i tor i e s .  However , the problems a ssoci a ted w i t h  
hc!at gener a t i on  an d  increases i n  temper ature a r e  absent and the TRU wastes a r e  not a s  d i f f i 
cul t to handle as HLW . The oper a t i onal demands on a d i sposal sys tem designed f o r  TRU waste 
a :one would be more modest than those associated with a HLW repos i to r y .  In add i t i on ,  be
c.::iusc of the absence of heat-related conside r a t i ons , the regulatory review of a dedicated TRU 
r epos i to r y  would be somewhat simpl i f i ed  compared with that for a HLW repos i to r y .  

Proceed i ng with an ear ly , dedi ca ted TRU reposi tory would therefore be con s i s tent w i th the 
prev iously recommended ph ilosophy of [conser va t i sm] and proceeding stepwise i nto the most 
d i f f i cult d isposal problem and would signal the government ' s  determination to proceed in a 
t �mely manner with d ispos a l  of nuclear wastes . There wol,l,ld , of course, be some add i tional 
•.:c.'.": tS a ssoc i a ted w ith the opening of a dedicated TRU f ac. ity . 

Ha•1 ing cons i dered these var ious matte r s ,  the IRG reconunends adopt ing , as an inte r im stra
tegic pl� nn i ng basis perd i n9 NEPA review, the concept of proceed ing w ith an ear ly TRU repos i 
t � r y  i f  an oppor tun ity exists to do so .  
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IRG D iscu ssion of High-Level-Wa ste Disposal 

The Interagency Rev iew Group defined four techn ical strateg ies for high
l�vel-waste d isposal ( IRG , 1979 , pp . 49-50 ) : 

• Str a tegy I prov ides that only mined repos i tor ies would be cons i dered and tha t only 
geolog ical env i r onments w ith salt as the emplacement med ia wo u ld be c on s i de r ed for the 
f i r s t  several repos i tor ies . As a result of past focus ing on sal t ,  there is a large 
volume o f  informa t i on ava i l able . In add it ion , one body of opin ion holds that salt is 
the best , or at least an acceptable , emplacement med i um and tha t  sui table s i te s  can be 
found where salt is the host r oc k .  

• S tr a tegy II prov ides tha t ,  for the f i r s t  few fac i l i t ies , only mi ned repos i tor ies would 
be consider ed . A cho i ce of s i te for the f i r st repos i tory would be made f rom among 
whatever types of env i ronments have been adequately characte r i zed at the t ime of 
cho ice . Because g ener ic unde r standing of eng ineer ing featu res of a salt repos i tory 
are most advanced , the f i r s t  cho ice is expected to be made from env i r onment s  based on 
salt geology . S i tes f rom a wider r ange of geologic env i r onments would be ava i lable 
for se lec tion somewha t later . 

• Str a tegy I I I  prov i des that , for the f i r s t  fac i l i ty only mined repos i tor ies would be 
c on s i dered . Howeve r ,  th ree to f ive geolog ical env i r onments posse ssing a w i de var iety 
of emplacement med ia would te examined before a selec t ion wa s made . Other technolog
ical opti ons would be contende r s  as soon as they had been shown to be technolog ica lly 
sound and economica l ly fea s i ble . 

e S tr a tegy IV prov ide s  that the choice of technical options and , i f  appropr iate , geolog
ical envi r onment be made only a f ter informa t i on about a number o f  envi ronments and 
other technical options ha s been obta ined . 

These s t r a tegies were i n tended to i l l u s t r a te the range of poss ible strategic approache s .  
They were no t  intended to be a complete l i s t  o f  poss ible s t r a teg ies or comprehens ive desc r ip
t i ons o f  a s t r a tegic pla nn i ng ba s i s  that might actually be adopted by tlie wa s te d i sposal 
program. For the latter purpose , they are admittedly incomplete . 

IRG Discussion of Key Elements of Inter im Strategic-Plann ing Basis for High
Level Waste 

As a result of corranents on its draft repor t ,  the IRG ( 1979 , pp. 61- 6 2 )  
expanded and clar ified i ts views on the inter im strateg ic-plann ing bas is for 
h igh-level wa ste , restating them as follows : 

• The approach to permanent d isposal of nuc lear wa ste should proceed on a stepwise 
ba s i s  i n  a techn ica lly conservat ive manner . • • •  

• Nea r-te r m  R&D and site characte r i z a t ion programs should be des igned so tha t at the 
ear l i e st da te fea s ible , s i tes selected for locat ion of a repos i tory can be chosen 
from among a set with a var iety of potent i a l  host rock and geohydr olog ical charac
ter i st ic s .  To accompl ish th is , R&D on seve r a l  potential emplacement med ia and s i te 
charac te r i zat ion wor k on a var iety of geolog ic env i r onments should be inc rea sed 
p romptly . 

• A number of potent i al s i tes in a va r i ety of geolog i c  env i ronments should be iden t i
f i ed  and early ac t i on should be taken to re serve the option to use them if needed a t  
a n  appr opr i ate time . In or der to avoid wor k i ng towa rd and ul t imately hav i ng a s i ngle 
nati onal repo s i tory , near- term opt i ons should c r e a te the opt ion to have at least two 
( and pos s i bly thr e e )  repos i tor ies become oper a t i onal within th i s  century , ideal ly and 
i nsofar as techn ical cons iderations per m i t , in d i fferent regi ons of the countr y .  In 
pur s u ing a reg ional approach to s i t ing , geolog i c , hydrolog i c ,  tecton ic and other 
techn i cal cha rac ter i st ics of s i tes must rema i n  the pr imary bas i s  for selec t i on .  

C-7 



• Con s t r uc t ion and operat ion of a r e pos i tory should proceed on a stepwise bas i s  and 
i n i t i al emplacement of waste in at least the f i r st reposi tory should be planned to 
proceed on a techn i ca lly conservat ive bas i s  and permit r e t r ievabi l i ty of the waste 
f or some in i t i a l  per iod of t ime . Fur t her de f i n i t ion of the r e t r ievabi l i ty concept , 
the c i r c ums tances in which waste would be retr ieved and the techn ical aspec t s  ( i n
c l ud i ng development of wa s te pac k aging , containers and hand l ing ) is necessa r y .  

All IRG member s ag reed with the above elements of the recommended inte r im 
s trateg ic-pl�nning ba s is for h igh-level wa ste . They a sser ted fur ther ( IRG , 
1979 , o .  :3 ) that the se elements 

• do not prej udge t h e  NEPA proce s s  

• requ i re the Feder a l  government to ma inta in a technical ly conservative approach 

• c a ll for r e so l u t ion of unce r ta i nties by i nc r ea sing the technical and prog ram breadth 
wi t '� respec t to the nea r - term repos i tory chara c te r i z a t ion prog r am 

• do not p r ec lude s ubsequent adoption of longer term technolog ies inasmuch as they call 
for inc r e a sed R&D to develop selected a l ternat ives 

• s u pport a s tep-w ise approach to the develoi;nent of a HLW repo s i tory , wh i le ma intaining 
storage capac i t y  for manag i ng wa stes unt i l  emplacement and d i sposal oppo r t u n i t i e s  are 
ava i lable 

The IRG d id not come to a consensus on the bas is for selecting the s i te 
for the f i r s t  h igh- level-wa s te repos i tory .  
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Append ix D 

SELEX:TION CRITERIA FOR THE WI PP SITE 

Th is append ix br iefly de scr ibes how the geolog ic , hydrolog ic , and other 
charac ter i st ic s  of the WI PP s i te in southea stern New Mex ico meet s i te-
selec tion cr ite r ia and fac tors . 
the Geological Character ization 
are based on cr ite r i a suggested 
( ORNL ,  1 9 73 ) , the In te rnational 

McCla in ( 197 7 ) . 

The cr iter ia and fac tor s g iven here are from 
Repor t ( Powers et al . ,  1978 , pp . 2-15ff)  and 
ear li er by the Oak Ridge Nat ional Labor ator y 
Atomic Energy Ag ency ( 19 77 ) , and Br unton and 

The si te-se lec t i on cr ite r ia descr ibed here we re or ig inally formula ted 
under the expectation that the WI PP would be a reposi tory that would conta in 
spent fue l from nuclear reac tor s .  The heat emitted by spent fuel wou ld have 
had impor tant e ffects on the salt in wh i ch it was emplaced i for that rea son , 
some of the cr ite r ia we re spec ifically intended to insure the safety of spent
fuel emplacement . The WIPP mission no longer i ncludes the d i sposal of spent 
fuel or any other high-leve l wa ste . Fur thermor e ,  the de sign of the WIPP no 
long er i ncludes the sepa rate mi ned c avity for h igh- level wa ste called the 
" lower repos itory" or the " lowe r hor izon" in the cr ite r ia.  Accord ingly , not 
all the cr i ter ia presented here are applicable to the WI PP under i ts cur rent 
mi ssion and des i g n .  Because the site wa s ,  however , ac tually selected under 
these cr i ter i a ,  no e ffort has been made to rev i se them for th is document . 

D . l  GEOLOGIC CRI TERION AND S ITE-SELECTION FACTORS 

The geology of the s i te w i ll be such that the repos i tory will  not be 
breached by na tura l phenomena wh ile the wa ste poses a sign if icant hazard to 
man . The geology mu st also permit safe ope ration of the WIPP repos i tor y .  

Topography . The te rra in must permi t access for tr anspor ta tion . The ef
fect on i nducing sal t flow dur ing excavation mu st be conside red . Sur f ace
wa ter flow and the potential for flood ing must be evaluated . 

The max imum relief over the WI PP reposi tory is 120 feet . The regiona l 
relief is low and eas i ly accommodate s the requ i red tran spor ta tion cor r idor s .  
The location near a broad sur face and g roundwater d ivide w i ll min imize the 
development of future reli ef . Differential str e ss in the salt due to sur face 
re lief is not a s ign ificant fac tor in c au sing de formation in the salt . ( See 
Powe r s  et al . ,  19 7 8 , Sec tion s  3 . 2  and 4 . 2 . )  

Depth . Reposi tory hor i zons should be deeper than 1000 feet to insure tha t 
eros ion and consequences of sur fic ial phenomena are not a ma jor concern . The 
depth of s u i table hor izons w i ll not exceed 3000 feet to l imit the ra te of salt 
de format ion around the excava tions . 

The se lec ted repos itory bed for hea t-produc ing wa ste var ies between depth s 
of 2 7 50 and 2 2 50 f eet over the potential excavation area.  The bed for TRU 
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wa ste ranges from 2200 to 1800  feet deep through the repos i tory reg ion . These 
depths are based on i n terpretati ons of se i smic re flection data . ( See Powers 
et al . , 197 8 , Sec tions 3 . 3 ,  4 . 3 ,  and 9 . 2 . )  

Th ickne ss .  The total th ick ne ss of the salt depos i ts should be seve ral 
hundred feet to bu ffer thermal and mechan ical e ffec ts . The des i red th ickness 
for the repos i tor y  b ed  is 20 feet or more to mit iga te the thermal and mechan i
cal e ff ec ts at nonhal i te un its . 

The hal i te un it in wh ich the heat-produc ing waste will be placed is about 
100 feet th ick . The total thick ne ss of the evapor i te s ec t i on prov ides about a 
1300- foot buffer above and below the repos itory hor i zons . Th i s  distance to 
the neare st potential aqu ifers insu res that the thermal effec ts at these aqui
fers will be ins ign if i cant . ( See Powe r s  et al . ,  197 8 , Sec t ions 4 . 3 . 2  and 9 . 2 . )  

La teral exten t .  The d i s tance to str uc tu ral or d i s so lut ion boundar ies must 
be adequate to prov ide for future s i te integ r ity . For the Los Medanos area a 
d i stance of 5 mi les to the Capi tan r eef and 1 mile to regional Salado d issolu
t ion ha s been established . 

From se ismic data and dr il l-hole information , the selec ted hor i zons are 
be liev ed  to extend we ll beyond the repos i tory s i te .  The sepa rations f rom the 
deformed salt belt par a llel to the Capi tan reef and from the na tural dissolu
t i on f ronts a re adequate to insure the requ i r ed s i te integr ity. ( See Powers 
et al . , 197 8 , Sec t ions 3 . 3 ,  4 . 3 ,  and 6 . 3 . )  

Lithology. Pur ity of the salt beds is de s i rable . Br i ne in the salt could 
induce geochemi cal interac tions ; pend ing further invest igat ions , - 3% br ine is 
e stab l ished as a de si rable upper l imit f or the heat-produc i ng was te hor i zon . 
Add it ional geochemical inte rac tions must be considered i f  sign i f i cant chemical 
or mineral impur i ties a re p resent . 

The hor izon within the lowe r Sa lado that will accormnodate the heat
produc ing wa s tes aver ages more than 97% ha l i te f rom the samples analyz ed . 
Br ine content averages less than 0 . 5% .  ( See Powe r s  et al . , 197 8 , Sect ions 4 . 3 
and 7 . 2 through 7 . 6 . )  

Stratig raphy . Cont inu ity of beds , charac te r  of inte r bedd ing , and nature 
of beds over lying and under lying the salt are impor tant cons iderations in the 
constr uc tion of the fac il i t y ;  they are also impor tant in insur ing the long
term integr ity of the repos i tory .  

There are no beds of clay or polyhal i te near enough to the lowe r repos i
tory hor i zon to a ff ect repository constr uction and ope ration or to affect the 
long-term per formance of the repos itor y .  The signif icant nonhal i te beds adj a
cent to the heat-p roducing-waste hor izons are pr inc ipa lly anhydr i te ,  whi ch has 
favorable thermal , mechan ical , and chemical prope r t ies for bound ing layers . 
The u�er (TRU-wa ste) level of the reposi tory can also be located to avoid 
roc k-mechan ics instab i l i t ies due to inter bed s  of nonhal i te rock . ( See Power s  
e t  a l . , 1978 , Sections 3 . 3 ,  3 . 4 ,  4 . 3 ,  and 4 . 4 . ) 

Str uc ture . Relat ively flat bedd ing ( less than 3 deg rees) is des irable for 
ope rational purposes . S teep ant ic lines and maj or faul ts a re to be avoided . 



Se ismi c-reflec tion data and dr ill-hole informat ion have been inte rpreted 
as showing relatively flat ( le ss than 1 deg ree) bedding over most of the 
3-square-mi le repos i tory hor izon . Se ismic data do show a small ant icl ine at 
the nor thern edge of control zone I I . Dr illing on this anticl ine (WI PP- 12 ) 
ha s shown that the elevation difference of the repos i tory beds , from ERDA-9 at 
the center of the reposi tory to WIPP-12 , is less than 200 feet , an ave rage of 
about 2 degrees . Photography , satellite imager y ,  sur face mapp ing , geophys ical 
techn iques , and dr illing have been used to sear ch for i ndications of s ign ifi
cant faulting .  No pos t-Permian faults are known to exis t in the s i te area . 
Se ismic i nd ications of f aulting in older , deeper rocks do not extend through 
the Permi an evapor ite sec tion .  

The lack o f  severe struc ture and recent fau lt ing sat isfactor ily meets the 
de s i r ed  cond i t i ons f or th is f ac tor . ( See Powe rs et al . ,  1 9 78 , S ections 3 . 4 
and 4 . 4 . ) 

Eros ion . Wh ile the depth of the repos itory reduces concern about eros ion , 
i t  is de si rable to avo id features that would tend to loca lize or accele rate 
eros ion .  

The site is located near a broad sur face-wa te r div ide , and the local base 
level is at an elevation of about 2 9 00 feet . Consequently , future e rosion 
will proceed less rapidly over the site than in the establi shed dra inage chan
nel s .  The expected e rosion rates wi ll not expose the Salado salt within the 
required li fet ime of the repos itor y .  Future climatic changes will not alter 
th is a sse ssment , and glaciation is not expec ted to be a concern at th is loca
tion . ( See Powe r s  et a l . , 1978 , Sec tions 3 . 2 . 3 ,  3 . 6 ,  4 . 2 ,  and 6 . 2 . )  

D is solution .  Regi onal and/or local d i ssolution mu st not breach the repos
itory wh ile the wa ste s repre sent a sign if icant hazard to people .  Wh ile there 
a re var ious sugge stions for the t ime a repos i tory should rema in isola ted from 
the biosphere , a per iod of 250 , 0 00 yea r s  ( 10 half-l ives of plutonium-23 9 )  is 
corrunonly used to represent the t ime over wh ich the wa s tes are s ign i f icantly 
ha zardous .  

Stud ies by the U . S .  Geolog ical Survey ind icate that the max imum rate of 
hor i zontal p rog ression of the salt-d is solution f ront in Nash D raw, averaged 
over the past 50 0 , 000  yea r s , ha s been 6 to 8 miles per mi ll ion year s  and less 
than 500 feet ver t ically per million year s .  The nearest ac t ive solution front 
is to the we st , in Nash Draw . Th is is far enough from the s i te to provide 
repo s i tory isolation for more than 2 million year s .  ( See Power s  et al . ,  1 9 78 , 
Sec tion 6 . 3 . 6 . )  

Sub s idence . Subsi dence due to dissolution of sal t  will be avoided when the 
s ubsidence adver sely a f f ec ts the reposi tory beds or unduly accelerates the rate 
of dissolution to the j eopardy of the long-term integ r ity of the repos itory.  

Subs idence has occu r red over the we s te rn por t ion of the WIPP s i te area 
bec au se of the na tural removal of salt from the Rustler Format ion . Hydrologic 
data f rom th is reg ion i ndicate that the ma j or aqu ifers in the Rustler have 
different potent i al heads ,  and thu s th is reg ional subsidence has not caused 
them to be inter connec ted by permeable f r actu res . No sinks due to loca lized 
solution ing are present at the site . 
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D. 2 HYDROLOGIC CRITERION AND SITE-SELECTION FACTORS 

The hydro logy of the s i te mu st prov ide h igh conf idence that natu ral d is
so lut ion will not breach the site wh ile the wa ste poses a s ignif icant ha zard 
to man . Acc idental pene trations should not result in undue ha z a rds to mank i nd .  

Sur face wa te r . Pre sent and future r uno ff patterns , flood i ng potent ial , 
etc . , should not endanger the penetrations into the repo s i tory wh ile these 
open ing s  ar e unplugged . 

Becau se the s i te is near a broad sur face-wa te r div ide , lack s  established 
dra i nage ,  and is we ll above the Pecos River , s imple con s tr uc t ion techn ique s 
will prevent flood ing of the repos itory.  ( See POwe rs et al . , 19 7 8 , 
Section 6 . 2 . ) 

Aquifer s . For the WIPP , the over lying and under ly ing aqu ifers represent a 
s econdary barr ier if the salt is breached. Consequently , low permeab i l ity and 
transmi s s iv ity ar e desi rable bu t no t mandator y .  Accur a te knowledge of aqui fer 
pa rame ters is impor tant to constr uc t ion, decomm i ssion i ng , and rea listic calcu
lat ion of the consequences of fa ilure scenar ios . 

Aq u ifers above and below the reposi tory have low transmiss iv i ty .  Conse
quently , flood ing of the repos itory du r ing its operat ion through shafts or 
dr i ll ho les is not c r ed ible . These acce ss po i nts can read i ly be plugg ed to 
prevent wa te r inflow afte r decorraniss ion ing .  

The quant ity of water car r i ed by the ma j or aqu ifers above aRd be low the 
WIPP bed s is too sma ll to be usefu l .  Fur thermor e ,  the wa te r car r ies too many 
salts to be potable or othe rw ise usefu l .  

The hydr olog ic paramete r s  of the aqu ifers do not permit rapid flow of 
wa ter . The low permeab i l ity would l imit the flow even if heads we re to be 
mod ified in future pluvial  cycles . ( See POwe r s  et al . ,  19 78 , Sec tion 6 . 3 . )  

Hydrolog ic tr anspor t .  For the WIPP ,  th is is a secondary fac tor that must 
be evaluated to allow quantitat ive calculat ion s  of the consequences of var ious 
fa ilure scenar ios . Slow transpor t of i sotopes is acceptable if more cr i t ical 
fac tors have been sat i s f i ed .  

Calculat ions based ,on var iou s pos tulated fa ilure scena r ios show that the 
transport of rad i onuc l i des through the over lying and under ly ing aqu ifers would 
be so s low tha t a signif icant hazard to people would not ex ist even if the 
salt beds we re b reached . The nea re st natural d ischarge po int is near Malaga 
Bend on the Pecos River , over 14 mi les away .  At the max imum measured rate of 
water movement ,  it would take about 1700 years af ter a breach for the f i r s t  
trace o f  nonretarded nuc l i de s  ( i . e . , iod ine- 1 2 9 )  to appear a t  the Pecos . The 
long- l ived transuran ic nuc l i des would be retarded by the sorption of ions and 
would not beg in to appear at Malaga Bend unt i l  35 , 0 0 0  yea r s  after a postula ted 
breach of the salt bed s .  The concentrations of r ad ionuc l ides ( or poss ible 
radiat ion doses)  would never reach signif icant ha zard leve ls in the Pecos 
River . ( See Powers et al . ,  1978 , S ec t ions 6 . 3 ,  9 . 3 ,  and 10 . 6 . )  
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Climatic fluc tuations . Poss ible pluvial cycles must be considered in 
estimating the effects of the hydrologic fac tor s .  

The dissolution and erosion ra tes established as averages over the past 
500 , 000 years i nclude the e ff ec ts of several past pluvial cycles .  I t  is ex
pected that future cycles would also be shorter than the isolation time sought 
for the reposi tory .  Transport ra tes under d i fferent clima tes ( rainfall) can 
be est imated by appropr iate boundary cond itions on the hydrolog ic model . The 
low permeability of the maj or aquifers above the s i te will not be s ign ifi
cantly altered by the climat ic changes expec ted for th is area , and the result
ant flow in the aquifers will not be g rossly al tered by changed climatic con
dition s .  (See Powers  et al . ,  1978 , Sections 3 . 6  and 4 . 5 ,  Chapter 6 ,  and 
Section 10 . 3 . )  

Man-made penetration s .  The effec t  o f  dr ill holes and m1n1ng operations 
mu st be i ncluded in evaluating the potential effects of d i s solution .  

The repos itory and control zone I I I  are free o f  preexisting boreholes that 
extend through the sal t ,  shafts , and mining activity .  Any existing or future 
holes in any of the WI PP zones must be adequately plugged when abandoned . 

D . 3  T:Ex:TONIC STABILITY CRITERION AND SITE-SEL:Ex:TION FACTORS 

Natura l tec ton ic processes must not result in a breach Qf the site wh ile 
the wa s tes represent a s ign ificant hazard to people and should not require 
extreme precau tions dur ing the operational per iod of the repos itory.  

Se i smic activity .  The frequency and magn itude o f  se ismic activity impac t 
fac ility design and safety of operation .  Low levels of se ismic ity are desir
able , but fac i lity des ign can accormnoda te h igher levels as wel l .  

The WIPP s i te i s  in an area o f  relatively low se ismic activity .  The near
est se ismic ac tivity has been 10 or more miles north of the si te and of small 
magnitude . It is not known whether the three nearest events were tectonic , 
related to salt d is solution , or a result of human act ivity .  No faul ting has 
been observed in the area of these seismic events . In any case , they and the 
potential futu re events pose no hazard for a properly constr ucted repos itory 
and are no threat to its long-term integr ity . (See Powers  et al . , 19 7 8 , Chap
ter 5 and Section 10 . 5 . )  

Faulting and fractur ing .  Wh ile open faults , fracture s ,  or joints are not 
expected i n  sal t ,  the more br i ttle uni ts within and sur round ing the salt may 
suppor t such feature s that can enhance dissolution and hydrolog ic transpor t .  
Ma j or faul ts and pronounced linear str uctural trends should be avoided . 

No major str uc tura l trends of recent geologic age are known to exist in 
the s i te area . The nearest recent faulting observed is on the we st side of 
the Guadalupe Mounta ins , some 70 miles away . Se ismic-reflection data have 
i nd icated small faul ts in deep , old rocks below the Salado Formation . There 
are no known tec ton ic faults in post-Permian rocks at the site area . Thou sand s 
of miles of dr ift in the potash mines in the Salado salt have not encountered 
any open fractures or faults through wh ich groundwater had penetrated . 
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Salt- flow anticline s .  Ma jor de format ion of sa lt bed s by flow can frac ture 
br i tt le roc k  and c r ea te poros ity for br ine accumulations . Maj or ant icl ines 
result ing from salt flow should be avo ided or evaluated to chec k on br ine 
presence and anhydr i te f r actur ing .  

The only ant icline s  within the s i te are relat ively minor feature s .  Both 
have been dr i lled , however , and the cores show li ttle f r ac tur ing or poros i ty 
and no accumulat ion of flu ids . These small ant icline s  will not hinder repos i
tory con s tr uction or j eopa rdize i ts long-term safety. ( See Power s  et a l . , 
197 8 , Sec tion 4 . 4 . )  

Diapi r ism . An extreme result of salt flow , this feature will be avo ided 
for WI PP s i t ing . 

There are no k nown or ind icated d iapi r s  ( salt domes) at the WIPP s i te .  
( See Power s  et al . ,  1 9 7 8 , S ec tion 4 . 4 . )  

Regional stabil i ty .  Area s of pronounced reg ional upl i f t  or sub s idence 
s hould be avoi ded s i nce s uch behav i or makes pred iction of future d is solut ion , 
eros ion , and sa lt flow mor e uncerta in .  

Geo log i c  mapping has fa iled to reveal any ind icators o f  reg ional instabi l
i ty .  Ca l i che formation and attitude i nd icate s table cond i t ions in the s i te 
r eg ion over the last half-mi llion yea r s .  The lack of scarps and the na tural 
se ismic ity are con s i stent with reg ional stabi l i ty .  ( See Power s  et a l . , 1978 , 
Sec tions 3 . 4 , 4 . 4 ,  and 10 . 3 . 2 . )  

Igneou s ac tiv i ty .  Areas of ac t ive or recent volcan ism or igneou s intr u
s i on should be avoi ded to min imiz e  these haza rds to the repos i tory .  

No recent igneou s ac tivity i s  known i n  the reg ion . Geophys ical surveys , 
min ing , and dr i ll-hole i n ter cepts have shown that an intr u s ive d ike ex ists 9 
miles nor thwe st of the site . Rad iometr ic dat i ng shows i t  to be 3 5  mill ion 
years old.  No other i ntrus ive features are known to ex i st in the reg ion . 
( See Power s  et a l . , 1978 , Sec tion 3 . 5 . )  

Geothermal g rad i ent . Abnorma lly h igh geothermal g radi ents should be 
avo ided to allow construc tion in salt at 3000  fee t .  High grad ients may also 
be i nd icative of r ec ent igneous or t ec ton ic act iv ity.  

The geothermal grad ien t  as dete rmi ned in the �-8 dr ill hole shows a 
normal geotherma l  g rad ient averag ing about 0 . 58°F per 10 0 feet . The heat 
flow is about one heat- flow un i t .  ( See Power s  et a l . , 1978 , S ec tion 4 . 4 . 1 . )  
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D . 4  PHYSICCX::HEMICAL COMPATIBILITY CRITERION AND SITE-SELEX:TION FACTORS 

The repos i tory med ium must not interact with the waste in ways that create 
unacceptable operational or long-te rm hazards.  

Fluid content . The reposi tory bed conta ining high-level wa s te should not 
conta in more than 3%  br ine . The limit for TRU waste has not been establi shed , 
but the value used for h igh-level waste is acceptable . 

The average br ine content of the lower reposi tory is less than 0 . 5% by 
we ight .  The average br ine content of the upper reposi tory hor izon beds is 
less than 1% by we ight . ( See Power s  et al . , 197 8 , Sections 7 . 5  and 10 . 7 . 8 . )  

Thermal properti e s .  To avoid undes i rable temperature r ises ,  no maj or 
natural thermal bar r iers  should exist closer than 20  feet of the repos itory 
hor izons. 

This  is of significance to the lower hor i zon , where the hali te unit of 
intere st is about 100 feet th ick . The adjoining beds are anhydr i te ,  wh ich ,  
even though far enough away , has similar thermal conductivity and does not 
represent a thermal barr i er in  any case .  ( See Powe r s  et al . ,  1978 , Section 
9 . 2 . 3 . )  

Mechan ical proper ties . The medium must safely suppor t excavation of open
ings even while thermally loaded .  Clay seams and zones of unusual str uctural 
weakness should be avoided in the selection of the repos itory hor i zon . 

The halite bed at the lower level is sufficiently thick and devoid of clay 
seams that stability of open ing s will not be a problem for repos itory opera
tion. Clay seams and polyhalite beds are more conunon in the area selected for 
the upper repos itory level ,  but constr uc tion levels can be located to avoid 
sign ificant str uctural stabi lity problems from such nonhal i te beds . (See 
Powers  et al . , 1978 , Sec tion 9 . 2 . 4 . )  

Chemical properties and mineralogy .  Beds that are of unusual composit ion 
or conta in minerals with bound water should not occur with in 20 feet of the 
wa ste hor izon .  Th is will lessen the uncer ta inties with regard to thermally 
dr iven g eochemical interactions . 

The heat-produc ing wa ste hor izon is quite pure halite , with more than 97% 
NaC l .  No polyhalite ,  clay , or other water-bear ing minerals occur near this 
hor izon .  The upper hor izon bed s are more than 9 2 %  NaCl , with impur ities  be ing 
mostly pota ssium and magnesium salts and clay . These impur ities have no k nown 
negat ive implicat ions for TRU-wa ste isolation and , in fact , have been shown to 
absorb rad i onuclides f rom br ine .  ( See Powers et al . ,  1978 , Sections 4 . 3 and 
7 . 2 through 7 . 5 . )  

Rad iation effec ts . Wh ile no unacceptably deleter ious effects are postu
lated , these phenomena are best quant ified in hali te ,  and thus the purer rock 
salt bed s ar e des i red for high-level wa ste . 
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Sample s of WI PP salt show no characte r ist ics that would produce undes ir
able e ff ec ts under i r r adi ation .  The low br ine content w i ll l imit the amount 
and effec ts of rad iolytic disassoc iat ion of water . ( See Powe r s  et al . , . 1978 , 
Chapter 9 . )  

Permeability .  Salt has a very low permeability .  I t  i s  necessary to eval
uate the permeab i l ity only of the interbeds and the sur round ing med ia . Low 
permeabil i ty is de si rable , but quant itat ive limit s need not be spec if ied for 
s i te selec t i on .  Salt permea b i l ity to gases may be impor tant i n  establ ish i ng 
waste-acceptance cr ite r ia .  

Labora tor y mea suremen ts on core s  show very low permeability .  On a large 
scale , measu rements at the WI PP hor izons have not been made . Exper ience i n  
othe r dr ill ho les ( absence o f  aquifer s i n  salt and pre sence o f  small h igh
pre ssure gas pock ets) would argue for very low in- s itu permeability on larger 
scale s . ( See Powe r s  et al . ,  197 8 , Sec t ion 9 . 2 . 3 . )  

Nuc l i de mob i l ity . Th is is a s econdary f ac tor in s i ting since confinement 
by the sa lt and iso lat ion from wate r ar e the basic isolat ion premises . Ion 
sorption mu st be determi ned to a llow quanti fication of safety analyses and to 
i nd icate whether eng ineered bar r ier s ( clay) would be benef i c ial . 

The d is tr i bu ted impur ities in the rock salt provide s ign if icant ion
sor ption capab ility for many rad ionuc lides . The clay laye r s  in h igher salt 
beds w i ll be st i ll more sorpt ive . These proper ties w ill tend to minimize 
rad ionuc l i de mig ration due to such local mechan isms as br ine migration in 
thermal g rad i ents . ( See Powers et al . ,  1978 , Section 9 . 3 . )  

D . 5 ECONOMIC AND SOC IAL COMPATIBILITY CRITERION AND SITE-SELEX:TION FACTORS 

The s i te mu st be ope rable at r ea sonable economic cost and should not c r e
ate unacceptable impac ts on na tural r e sources or the biolog ical and soc ial 
envi ronment . 

Natural resource s . Unavo idable conflict of the repos itory with actual or 
potential re sour ces w i ll be min imized to the extent poss ible . 

Th is fac tor is not we ll sat isfied by the WIPP s ite . Both hydrocarbons and 
potash ex i st in potentia lly economic quantities w ithin the s i te . Wh ile salt 
itself may be considered a va luable mi ne ra l ,  its economic potential at the 
s i te is ver y low .  S i nce both potash and hydrocarbons may be r ecover ed  f rom 
control zone IV, the amounts that may be restr icted from development with in 
zone s  I ,  I I , and I II a re the cr i t ical amounts . These quantities are not large 
in terms of nat iona l supply ( even the langbe inite produc t is  synthes ized in 
quantity f rom b r i ne lakes ) . These minerals may prove an ent icement for future 
explor at ion and explo itat ion . For th is reason , studies are under way to exam
ine the e ff ec ts of r ecover ing the potash ore f rom above control zone III . 
Very little pota sh exists above the repos itor y ( zone I I )  itself . S imilarly ,  
once adeq uate borehole plugg ing is demonstrated, dr i lling in zone I I I  could be 
permitted or the same zones developed from zone IV by slant dr illing .  The 
expectat ion ,  but one that cannot yet be gua ranteed , is that these mine rals may 



be recovered in the decades ahead should they be economically attrac t ive.  
Cer ta inly the t ime f rame f or the i r  development would be  w i th i n  the next cen
tury , wh ile the s i te is st ill under admi nistra tive control . The small amoun t s  
o f  e ither r e sour ce within zone I I I  would not b e  o f  s ign ificant interest i n  the 
absence of other production in the area . ( See Powe r s  et al . ,  1978 , Chapte r 8 . ) 

Man-made penetrations . Boreholes or shafts that penetrate through the 
salt into under ly ing aqu ifers will be avo ided within 1 mile of the repos i
tor y .  Ex i sting min ing ac tivity ,  unrela ted to the repos i tory ,  should not be 
pre sent within 2 miles of the repos i tor y .  Future , controlled min ing will be 
allowable up to 1 mile f rom the reposi tory . Future studies may permit still 
closer min ing and dr i l l i ng if prope r ly controlled . 

The present s i te adequately fulf i ll s  th is present re str iction on man- nade 
penetrat ions . ( See Powe r s  et al . ,  1978 , Sec t ion 2 . 3  and Chapter 4 . )  

T ranspor tation .  Transpor tation should be capable of ready development . 
Avo idance of popu lat ion cente r s  by transpor tat ion route s i s  not a fac tor in 
the s i ting of the repos i tory .  

The present site meets th is requ irement and would util ize a spur line of 
the Santa Fe Ra ilroad now r unn ing to the Duval mine . 

Acce ss i b i l i ty .  The site should be read i ly access ible for transpor ta tion 
and u t i lities.  

The site presents no problems for access by road , r a i l road , or  uti l i ty 
line s .  : 

Land jur isdiction . Sit ing wil l  be on Federal land to the extent poss ible . 

Of the 18 , 960 ac res to be withdrawn by the DOE if th is s i te is approved , 
17 , 200 are Federal land contr olled by the Bureau of Land Management and 1 7 6 0  
ac res belong to the State of New Mex ico . There are no pr ivate lands w i th in 
the site . 

Populat ion den s i ty. Proximi ty to populat ion cente r s  and rural hab itats 
will  be considered in s i ting . A low population den s i ty in the imm :i ia te s i te 
area is desi rable . 

There are 1 6  permanent re sidents within 10 miles of the s ite . There is a 
transient population at potash mines . The nearest town is Lov ing , New Mex ico , 
with a population of 1600 . Car lsbad is 26  miles we st and has a popu lation of 
2 8 , 6 00 . Low population is not nece ssary to s i ting but ,  a ll other fac tor s 
be ing equa l ,  is desi rable . 

Effec ts on ecology and cultura l resource s .  
to constr uction and ope ration should not occur . 
feature s of sign i f icance should be preserved . 
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Maj or impac ts on ecology due 
Ar chaeolog ical and h i s tor ic 



No ma jor or unusua l  impac ts on the environmen t or the ecolog ic system are 
expected f rom the constr uction and the ope ration of the reposi tory .  No endan
gered spec ies of plants or an imals are known to occur at the s i t e .  No s ignif
icant ar chaeolog ical s i tes w ill be de stroyed by reposi tory constr uc tion .  

Soc iological impac ts . Demog raph ic and economic effects should not result 
in unacceptable soc iolog ical impac ts .  

There wa s no a pr ior i reason to expec t any severe or unacceptable soc io
economic impac ts attr ibutable to the s i te location .  Th is a ssessment has been 
sub stanti ated by the soc ioeconomic studies repor ted in Sect ion 9 . 4  of th is 
document . 
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Append ix E 

DESCRIPTIONS OF WASTE TYPES 

Th is append ix conta ins four tables that descr ibe the types of waste to be 
emplaced in the WI PP and the containers used for transportation and storag e .  
Isotope inventor ies an d  maximum and average activity levels a t  the time of 
emplacement are included . Curves i llustrating the rad ioactive decay of the 
contact-handled and remotel� handled transuranic ( TRU )  wa stes to be disposed 
of in the WI PP are also presented . 

Th is append ix also includes a deta iled repor t characteriz ing defense TRU 
wa s te now held in retr ievable storage � it  was compiled by James E .  Dieckhoner 
of the U . S .  Depar tment of Energy . The report concludes with a descr iption of 
the types of waste stored and the conta iners used at the Idaho National Engi
neer ing Labora tory (Annexes 1 and 2 ,  respectively) . 
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Table E-1 .  Defense Contact-Handled TRU Waste--Dr um 

Type of container 

Liner ( if used ) 

We ight of contai ner 

Volume of waste 

Surface-dose rate 

Sur face contamination 

Waste proper ties 

DOT-17C 55-gal steel drum 

0 . 09-in . -thick r igid
polyethylene inner l iners 

840 lb (maximum gross ) 

Approximately 7 . 3  ft3 ( 207  
liters )  

:S 200 mrem/hr 

5% of l imit in 49 CFR 17 3 . 397  

Combustible : 
paper , cardboard boxes , wooden 
boxes , plastic bags , rubber 
scrap , rags , surg ical glove s ,  
clothing , etc . 

Noncombustible : 
res i dues from chemical process
ing ,  bu ilding rubble , metal , 
glassware and ac ids 

Activityb 

Rocky Flats Plant 
Standard SX-200 

Rocky Flats Plant 
Standard SX-202 

Waste-acceptance 
c r i ter ion 

Waste-acceptance 
cr iter ion 

Sur face 
contamination 

Radionuclide 
Mass presenta 

(grams ) Ci/dr um C i/liter (Ci/drum) 

Pu-238 
Pu- 239  
Pu-240 
Pu-241 d 

Pu- 242 
Am-241 

Total 

2 . 5-3c 

7 . 5  
5 . 0-1 
2 . 7-2 
2 . 4-3 
1 . 5-3 

8 

Total fiss i le content 7 . 5  g 
Total Pu 8 g 

4 . 2-2 
4 . 6-1 
1 . 1-1 
2 . 8  
9 . 4-6 
5 . 2-3 ---

3 . 4  

2 . 0-4 7 . 0-10 
2 . 2-3 7 . 5-9 
5 . 3-4 1 . 8-9 
1 . 3-2 1 . 0-7 
4 . 5-8 1 . 6-13 
2 . 5-5 8 .  5-11 

1 . 6- 2  1 . 1-7 

aAverage cond i t ion ;  maximum fissile  content is 200 grams , based on trans-
por tation regulations . 

bFor ac tivity of maximum container , multiply by 25  ( 200/8 ) . 
c2 . 5-3 = 2 . 5 x lo-3 . 
dA beta emi tter and hence not str ictly speak ing a TRU nuclide as defined in 

Section 5 . 1 . 2 .  
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Type of conta iner 

Table E- 2 .  Defense Contact-Handled TRU was te--Box 

IX>T-7A 4 x 4 x 7-ft plywood 
box 

Rocky Flats Plant 
Standard SX-211 
(plywood box) and 
SX-207 ( f iberglass
reinforced-polyester 
coating)  

We ight of  container Maximum SOOO lb ; typical 
3000 lb 

Volume of wa ste 

Sur face-dose rate 

Sur face contami nation 

Waste properties 

Approximately 100 ft3 ( 2800  
liter s)  

�200 mrem/hr 

S%  of l imit in 49  CFR 1 7 3 . 397  

Combustible : 
same as dr ums ( see Table E-1 )  

Noncombustible : 
same as dr ums ( see Table E-1 )  

Equipment and mater ials too 
large for SS-gal drums 

Mass presenta Activityb 

Waste-acceptance 
cr iter ion 

Waste-acceptance 
cr iter ion 

Surface 
contaminat ion 

Radionuclide (g rams ) Ci/box Ci/liter (Ci/box) 

Pu-238 4 . o-3c 6 . 8-2 2 . 4- S  4 . S-9 
Pu-239 1 . 2+1 7 . S-1 2 . 7-4 S . 0-8 
Pu-240 8 . 1-1 1 . 8-1 6 . S-S 1 . 2-8 
Pu-24ld 4 . 4-2  4 . S 1 .  6-3 6 . S-7 
Pu-242 3 . 9-3 l . S-S S . 4-9 1 . 0-12 
Am-241 2 . S-3 8 . 4-3 3 . 0-6 S . S-10 -- --

Total 13 s . s  2 . 0-3 7 . 0-7 

Total fiss ile content 12 . 2  g 
Total Pu 13 g 

aAverage cond ition ;  maximum fissile content is 3SO grams but not exceeding 
5 g rams in any cubic foot , based on transpor tation regulations . 

bpor ac tivity of maximum container , multiply by approximately 27 ( 3 S0/13 ) . 
c4 . o-3  = 4 . 0  x lo-3 . dA beta emi tter and hence not str ictly speaking a TRU nuclide as de fined in 

Section S . 1 . 2 . 
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Type of  conta iner 

We ight of conta iner 

Volume of wa ste 

Surf ace-dose rate 

Table E-3 .  De fense Remotely Handled TRU Waste 

Carbon-steel can ister , 10 feet 
long 

Max imum 7 000 lb 

Approximately 25 ft3 ( 7 08 li ters)  

100  rem/hr Waste-acceptance 
cr iter ion 

Sur f ace contamination 5 %  Of l imit in 49 CFR 173 . 397 Waste-acceptance 
cr iter ion 

wa ste properties 

Rad ionuc lide 

Co-60 
Sr-90 
Y-90 
Rh-106 
Ru-106 
Cs-137 
Ba-137m 
Eu-152 
Eu-154 
Pu-238 
Pu-239 
Pu- 2 40 
Pu-24 1C 
Am-241  

Tota l 

Pr imar i ly noncombu stible : 
conc rete , steel ,  dr ied process 
s ludges , etc. 

Expec ted Average Cond itionsa 

Mass present Act ivity 
( grams ) Ci/can ister C i/liter 

l . 4-3b 1 . 6  2 . 2-3 
1 . 8  2 . 5+2 3 . 5-1 
4 . 6- 4  2 . 5+2 3 . 5-1 
1 . 6-7 2 . 2  3 . 1-3 
6 . 5- 4  2 . 2 3 . 1-3 
1 . 4-2 1 . 2  1 . 8-3 
2 . 4-9  1 . 2  1 . 8- 4  
1 .  7-3 3 . 1-1 4 . 4-4 
8 . 6-3 1 . 2  1 . 8-3 
3 . 7-3 6 . 5-2 9 . 1- 5  
1 . 2+1 7 . 5-1 1 . 1-3 
7 . 9-1 1 . 8-1 2 . 5-4 
4 . 1-2 4 . 6  6 .  5-3 
3 . 8-3 1 . 2-2 1 . 8- 5  

1 . 5+1 5 . 1+2  7 . 2-1 
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Sur face 
contamination 
(Ci/can ister )  

2 . 0-8 
3 . 1-6 
3 . 1-6 
2 . 7-8 
2 . 7-8 
1 . 5-8 
1 . 5-8 
3 . 9-9  
1 . 5-8 
4 . 1-8  
4 . 8-7 
1 . 1-7 
5 . 7-9  
7 . 7-9  

7 . 0-6 



Table E-3 .  De fense Remotely Handled TRU waste ( continued) 

Rad ionuc 1i de 

Co-60 
Sr-90 
Y-90 
Rh-106 
Ru- 106 
C s-137 
Ba-137m 
Eu-152 
Eu-154 
Pu-238 
Pu-239 
Pu-240 
Pu-24 1C 
Arn-241 

Total 

Expec ted Maximum Cond itionsd 

Mass present Activit;t 
(grams ) Ci/canister Ci/liter 

9 . 3-2 9 . 9+1 1 . 4-1 
5 . 9+1 7 . 8+3 1 . 1+1  
1 .  5-2 7 . 8+3 1 . 1+1 
2 . 1-8 6 . 8+1 9 . 6-2 
2 . 2-2 6 . 8+1 9 . 6-2 
5 . 0-1 3 . 9+1 5 . 5-2  
7 . 3-8  3 . 9+1 5 . 5-2 
1 . 1-1 2 . 0+1 2 . 8-2  
3 . 1-2 7 . 8+1 1 . 1-1 
4 . 2-2 6 . 5- 1  9 . 2-4 
1 . 3+2 7 . 1  1 . 0-2 
8 . 7 1 .  7 2 . 4-3 
4 . 6-1 4 . 3+1  6 . 1-2 
2 . 5-2 7 . 8-2 1 . 1-4 

2 . 0+2 1 . 6+4 2 . 3+1 

Sur face 
contamination 
(Ci/caniste r )  

6 . 4-7 
1 . 0-4 
1 . 0-4 
9 . 2-7 
9 . 2-7 
5 . 2-7 
5 . 2-7 
1 . 3-7 
5 . 2-7 
3 . 9-8 
4 . 6-7 
1 . 1-7 
1 . 9-6  
7 . 4-9 

2 . 1-4 

aExpected average ac tivity in caniste rs for use in analyses in wh ich a 
large number of canisters are involved . 

b1 . 4-3 = 1 . 4  x lo-3 . 
CA beta emitte r  and hence not str ictly speaking a TRU nucli de as defined 

in Section 5 . 1 . 2 .  
dMaximum ac tivity in ind ividual canister for calculating sh ielding require

ments and the consequences of single-can ister accidents . 
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Table E-4 .  Postulated Defense High-Level Waste for Exper iments 

Type of conta iner Steel canister 

We ight of container Max imum 1000  lb 

Volume of waste 3 . 8  ft3 ( 1 0 7  liter s )  

Sur face-dose rate > 4500  rem/hr 

Physica l  form Glass (or calcine) 

Mass present Act ivit;t 
Rad ionucli dea (grams ) C i/canister Ci/liter 

Co-60 4 . 5-2b 5 . 0+1 4 . 7-1 
Se-79 6 . 0-1 4 . 1-2 3 . 8-4 
Rb-87 2 . 4+1 2 . 0-6 1 . 9-8 
Sr-89 6 . 0-10 l.  7-5 1 . 6-7 
Sr-90 6 . 5+1 9 . 2+3 8 . 6+1 
Y-90 l. 7-2 9 . 2+3 8 . 6+1 
Y-9 1  1 . 4-8 3 . 3-4 3 . 1-6 
Zr-93 7 . 0+1 2 . 8-1 2 . 6-3 
Zr-95 1 . 4-7 2 . 8-3 2 . 6-5 
Nb-95 1 . 6-7 6 . 0-3 5 . 7-5 
Nb-95m 9 .  3-11 3 . 6-5 3 . 3-7 
Tc-99 4 . 4+1 7 . 3-1 7 . 0-3 
Ru-106 1 . 6-1 5 . 3+2 5 . 0  
Rh-106 1 . 5-7 5 . 3+2 5 . 0  
Pd-107 6 . 3  3 . 3-3 3 . 0-5  
Sn-12lm 4 . 2-2 2 . 5  2 . 3-2 
Ag-110 2 . 1-9 8 . 8  8 . 2-2 
Sn- 123 9 . 6-6 7 . 9-2 7 . 4-4 
Sn-126 1 . 4-1 4 . 0-3 3 . 8-5  
Sb-124 2 . 9-12 5 . 1-8 4 . 8-10 
Sb-125 2 . 0-1  2 . 2+2 2 . 0  
Sb-126 6 . 6-9 5 . 6-4 5 . 3-6 
Sb-126m 5 . 2-11 4 . 0-3 3 . 8-5  
Te-125m 2 . 9-3 5 . 3+1 5 . 0-1 
Te-127 1 . 1-8 3 . 0-2 2 . 9-4 
Te-127m 3 . 3-6 3 . 1-2 2 . 9-4 
Cs-134 l. 5 1 . 9+3 1 . 8+1 
Cs-135 l.  7+1 2 . 1-2 1 . 9-4 
Cs-137 2 . 2+3 1 . 9+5 1 . 8+3 
Ba-137m 3 . 3-4 1 . 9+5 1 . 8+3 
Ce-142 1 . 2+2 2 . 9-6 2 . 7-8 
Ce-144 1 . 1  3 . 4+3 3 . 2+1 
Pr-144 4 . 4-5 3 . 4+3 3 . 2+1 
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Table E-4 .  Postulated Defense High-Level Waste for Exper iments 
( continued) 

Mass present Activity 
Rad ionuclidea (grams ) C i/canister C i/liter 

Pr-144m 2 . 2-8 4 . 1+1 3 . 8-1 
Pm-147 7 . 2  6 . 7+3 6 . 3+1 
Sm-147 2 . 0+1 4 . 6-7 4 . 3-7 
Sm-151 1.  7 4 . 2+1 3 . 9-1 
Eu-152 2 . 4-3 7 . 5-1 7 . 0-3 
Eu-154 9 . 3-1 2 . 7+2 2 . 5 
Eu-155 2 . 4-1 1 . 1+2 1 . 1  
Tb-160 5 .  3-11 6 . 0-7 5 . 6-9 
U-2 32 6 . 0-5 1 . 3-3 1 . 2-5 
Tl-208 1.  8-12 5 . 3-4 4 . 9-6 
U-233 2 . 1-5 1 . 9-7 1 . 8-9 
U-234 2 . 4-1 1. 5-3 1 . 4-5 
U-235 9 . 0  1 . 9-5 1 . 8-7 
U- 236 6 . 0  3 . 7-4 3 . 4-6 
U-238 1 .  5+2 5 . 1-5 4 . 8-7 
Np-237 6 . 2  4 . 3-3 4 . 0-5 
Pu-236 1. 7-1 1 . 6-2 1 . 5-4 
Pu-23 8 2 . 3+1 3 . 8+2 3 . 6  
Pu-239 2 . 1+6 1 . 3+1 1 . 2- 1  
Pu-240 3 . 6+1 7 . 9  7 . 3-4 
Pu-241 1. 7+1 1. 7+3 - 1 . 6+1 
Pu-24 2 2 . 8  1 . 1-2 1 . 0-4 
Am-241 4 . 6  1 . 6+1 1 . 5-1 
Am-242 2 . 5-8 2 . 0-2 1 . 8-4 
Am-242 2 . 1-3 2 . 0-2 1 . 8-4 
Am-243 2 . 4-2 4 . 6-3 4 . 3-5 
Cm-242 1 . 5-5 5 . 0-2 4 . 7-4 
Cm-243 2 . 0-4 9 . 4-3 8 . 8-5 
Cm-244 1 .  7-3 1 . 3-1 1 . 3-3 
Cm-245 3 . 4-5 6 . 1-6 5 . 7-8 
Cm-246 2 . 1-6 6 . 2-7 5 . 8-9 

Tota l 3 . 0+3 4 . 3+5 4 . 0+3 

aonly rad ionucl i des with a spec ific activity greater than lo-10 

C i/liter are l isted . The rea son for deleting radionucl ides with a 
lower concentrat ion is twofold . Fir s t ,  the ir contr ibut ion to the total 
radioactivity of the mixtu re is min imal , and the product of the ir 
hazard index and concentration is  small  in compar ison with the radio
nuclides listed. 

b4 . 5-2 = 4 . 5  x lo-2 . 
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Introduction 

This report was prepared in response to a request of the WIPP Waste Ac
ceptance C r i ter ia Steer ing Commi ttee (WACSC) at the ir meeting on March 2 .  All 
DOE field offices conducting TRU retr ievable storage operations were asked to 
provide the Oper ations Branch with certain specific  information concerning the 
TRU wa ste currently on hand and proj ected for the future.  A copy of the re
quest for da ta is included as Appendix A. Copies of the data suppl ied are 
included as Append ices B through G. The remai nder of this record is a conden
sation of the se responses and a restr uctur ing of the data into a format where 
the WACSC can obtain an overall perspective on the DOE-wide si tuation .  The 
reader is  encouraged to consul t the individual replies or to contact the 
respective field offices for more deta il ed information .  

NOTE : Only one of the appendices mentioned above (Appendix F )  i s  
i ncluded here : the data on wastes stored at the Idaho National Engin
eer i ng Laboratory (see Annex 1 ,  pp .  E-23 through E-4 2 ) . 

E- 11 



Section I 

Qualitative Descr iption of Avai lable Waste Character ization Information 

A. Contact-Handled TRU Waste : 

LASL - Waste generators are requi red to complete a form containing informa
ti cn --on-the radionuclide content ( including error estimates and how the amount 
was determi ned ) ,  package construction ,  package rad iation level , and waste type . 
The LASL l ists 33 d ifferent waste types ( see Appendix C [not included here] for 
de tail s ) . In add ition ,  the form also permi ts the inclusion of addi tional data . 
Examples of typically recorded information include the identification of equ ip
ment items or types , and of chemical contaminants on or in the waste . 

Sandia Lab - The waste will be in the form of glassware , equipment , solidi
f i ed  liquids , ceramic waste , etc . , and contains Np-239 , Pu-23 8 ,  Pu-23 9 ,  Pu-241 , 
Am- 241,  and Cm-244 . All waste is packaged in  DOT 17-C containers . 

Pantex - Data currently available include : container s i ze ,  volume , weight 
and type : chemical and physical form of the waste:  i sotopic composition and 
cur ie amount : and surface rad i ation reading . 

ORNL - The computer system contains data by container : date received , 
sourcec;f waste , shipper , location in  storage area , estimated amount of com
bustibles and noncombustibles ,  and estimated amount of U-233 and transuranics . 
Essentially all of this waste is from glovebox and hot cell  operations . Since 
no assays were done , the i sotopic composition data , if not repo� ted by the gen
er ator , can be implied f rom the source ( i . e . , building ) . The package s i ze and 
constr uction is well known, but the prec ise weight is not . No information on 
compac tibil i ty is ava ilable.  Although some knowledge of the chemical and 
physical forms of the waste can be infer red f rom i ts sour ce , no spec i f ic in
formation has been recorded . No information is available on nonradioactive 
constituents . 

Hanford - Each waste shipment is  accompanied by a shipping ticket which 
physically descr ibes the mater ial content , the source of the waste ,  any 
spec ial cond ition s ,  the type of radioactivi ty ( specific radionucl ides,  etc . ) ,  
quanti ty ( cur ies or grams ) , and the radiation level . The TRU waste contai ners 
must also be identified as combust ible or noncombustible . The locations of 
the TRU contai ners are also recorded . 

INEL - The following information is recorded for each shipment :  waste gen
erator and building number , g ross volume , gross weight , cur ie content , type 
and number of containers , uni t  container volume , waste descr iption , nucl ide 
identification and storage location . No data are currently ava ilable on non
rad ioactive toxic const i tuents in the TRU waste . Some may be obtained from a 
records search , although ini tial i ndications are that any such i nformation 
would be very l imi ted and super ficial . Compilations of some of these data can 
be found in Appendix F [reproduced here as Annex 1 ,  pp. E-23 through E-42] . 
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NTS - For retr ievably stored , contact-handled TRU waste the gram content , 
cur ie content , isotopic composi tion ,  package s i ze wi th weight and construc
tion ,  and combu stibility information are available.  

SR - Ear ly recor ds contain only waste volumes and activities.  However , 
since-July 1 ,  1 9 74 , combu stibles and noncombustibles are segregated and placed 
in separ ate dr ums and mar ked accordingly. The mater ial composi tion of the 
waste can only be inferred f rom sample observations of the waste pac kaging 
operations and est imation by the production personnel .  Results of such a 
sur vey can be found i n  Appendix B [not i ncluded here] . 

B .  Remote-Handled TRU Waste : 

LASL - The same type of information will be available as previously indi
cated f or contact-handled TRU waste . 

Sandia Lab - The same type of information would be available as previously 
i nd i cated for contact-handled TRU waste.  

Pantex - No waste of thi s  type is stored at Pantex . 

ORNL - E ssentially all of th is type waste is f rom hot cell s ( 90 percent 
f rom ate fac il i ty )  and gloveboxes .  I t  includes plastics , paper wipe s ,  var ious 
kinds of equipnent , equipnent racks , etc . No assays of waste to determine 
isotopic composi tion were made but the source and knowledge of the process may 
give some i ndication.  The package s i ze , we ight , and constr uction are well
known . An est imate of the combustibi l i ty is available , but there is no infor
mati ai  on i ts cornpactibility ,  nor on the presence of nonradioactive toxic con
sti tuents . The chemical form var ies--ni tr ides ,  chlor ides , oxide s ,  and other s .  

Hanford - The same type of i nformation i s  available as previously 
i nd icated for contact-handled TRU waste . 

INEL - The same type of information is available as previously i ndicated 
for contac t-handled TRU waste . 

� - No waste of this type is stored at NTS . 

SR - No waste of thi s  type is stored at SR. 

C .  TRU Waste D i sposed of by Shallow Land Bur ial : 

LASL - Waste management per sonnel have kept logbook-type records on all 
wastecli'sposed of since the late 1940 ' s . Work is underway to convert  the 
pre- 1 97 1  records into the current computer system. The maj or problem wi th 
these old records will be the actual ident ification of which wastes contain 
>10 nC i/grn. Where bur ied TRU wastes can be identified ,  information as to 
waste ma tr ix , packaging , radiation level , TRU content , and bur ial location 
should be available .  

Sandia Lab - The waste is in the form of glassware , equipment , paper 
produc ts ,  contaminated exper iments , etc . , and contains about 1 gram of Pu- 23 9 .  
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Pantex - The same type of information is available as previously indicated 
for contac t-handled TRU waste . 

ORNL - Due to an accidental loss of records , no de tailed information is  
available for the pre-1969 bur ied TRU waste , estimated to be about 200 , 000  
f t3 in volume . Since field separ ation of  TRU waste began in  1970 , about 63  
contai ners of equ ipment were bur ied ,  in an essentially nonre tr ievable fashion ,  
tha t we r e  j udged to be contami na ted marginally above the 10 nC i/gm level . 
About 90 per cent contai ned hoods and gloveboxes .  No assays were made and the 
da ta is based on the judgment of the generator . The s i ze and composi tion of 
the containers are known , the we ights are estimates based on actual weights of 
a few. An est imate of the combustibi l i ty i s  available , but no i nformation on 
the compactibility or on the presence of nonradioactive toxic consti tuents is  
ava ilabl e .  

Hanford - The same general type of information is available as previously 
i ndicated for contact-handled TRU waste ,  except for knowledge of where the 
bur ied TRU-contami na ted (>10 nC i/gm) waste is located among the non-TRU
contaminated wa ste.  

� - The data ava ilable at  the present time on the subsurface di sposed 
TRU are l imi ted to hand tabulations of quantities shipped from Roc ky Flats 
Plant and est imates of Pu quant ities . 

NTS - No wa ste of this type is bur ied at NTS . 

SR - Much of the waste sent to the bur i al ground was contained in car d
board car tons which were dumped i nto the waste trenches and covered wi th 
soil . Bul ky waste was wrapped in plastic and bur ied , or wrapped waste was 
placed in wooden boxes .  Test retr ievals indicate that the waste package in 
plast ic will. be well preser ved 1 however , the cellulos ic mater ials in contact 
with the so il will be degraded. Because early records are lacking , activi ty 
content and volume of waste bur ied before 1961  can only be est imated . 

NOTE : The preceding 
submitted by the field.  [ in the or iginal report] 
or gan izations to re solve 
additional information .  

are only br ief synopses of the lengthier information 
The reader is encouraged to consult the Appendices 
for more deta ils ,  and to directly contact the field 
difficulties in interpretation or to obtain specific  
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Section I I  

Inventory Data 

All of the fi eld off ices were asked to present estimates of the approxi
mate volumes of TRU wa ste in the following three categor ies ( i . e . , retr ievably 
stored, contac t-handled , retr ievably stored , remote-handled; and TRU waste 
disposed of by shallow land bur ial )  as of the start of FY 1978 and expected to 
have been accumulated as of the start of FY 1986 . Estimates of the accuracy 
of these data were also requested. A compilation of the site submi tted data 
is presented in Table 1 ,  and a summary of the DOE-wide si tuation in Table 2 .  
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TABLE 1 

APPROXIMATE VOLUME'S OF DOE TRU WASTE AND ESTIMATES OF THEIR ACCURACY 

As of 10/1/77 As of 10/1/8 4 
Was te Category S i te Volume ( f t3) Accur acy Volume ( f t3) Accuracy 

S tor ed , Contact- LASL 54 , 0 20 + 5% 200 , 0 00 + 25%  -

Handled TRU Waste SLA 0 - 3 , 50 0  + 3 0 %  
Pantex 38 + 10% 57 + 1 5 %  
ORNL 9 , 60 0  - 5 %  ( 4 )  18 , 7 5 0  ( 4 )  + 2 5 %  ( 4 )  
Hanford 247 , 0 0 0  + 10% 770 ' 0 0 0  + 30%  
INEL 1 , 20 1 , 917 + 10%  2 , 0 3 6 , 68 2  + 3 0 %  
NTS 6 '  116 + 10% ( 3 )  3 5 , 314 +200% - 50%  ( 3 )  
SRP 56 , 168  + 5%  ( 1 )  9 5 , 100 + 2 5 %  ( 1 )  

1 , 57 4 , 8 5 9  ft3 ±. ( 5- 10 ) %  3 , 19 5 , 4 0 3  ft3 + 3 0 %  
-

Stored , Remote- LASL 0 - 8 , 0 0 0  + 5 0 %  

t'l Handled TRU Waste SLA 0 - 50  + 30%  
I Pantex 0 - 0 ...... 

0\ ORNL 26 , 5 5 0  + 5% 47 , 350  ( 4 )  ±. 2 5 %  ( 4 )  -

Hanford 2 , 9 4 0  + 5% 7 , 90 0  + 1 0 0 %  - 5 0 %  
INEL 304 + 10%  14 , 44 2  + 5 0 %  
NTS 0 - 0 
SRP 0 - 0 

2 9 , 79 4  ft3 ±. ( 5% )  7 7  ' 74 2  ft3 + 5 0 %  

Bur i ed TRU Was te LASL 580 , 04 5  + 5 0 %  580 , 0 4 5  ( 2 )  + 5 0 %  
SLA 60 + 5 0 %  6 0  + 5 0 %  
Pantex 1 , 143  + 10% 1 , 143  + 10%  
ORNL 200 , 00 0  ( 5 )  + 5 0 %  ( 5 )  200 , 00 0  ( 5 )  ±. 5 0 %  ( 5 )  

15 , 0 0 0  ±. 10% ( 4 )  2 2 , 0 0 0  ±. 2 5 %  ( 4 )  
Hanford 5 , 48 3 , 00 0  +20 0 %  - 5 0 %  5 , 48 3 , 00 0  +200%  - 5 0 %  
INEL 2 , 10 2 , 0 00 + 30% 2 , 10 2 , 0 0 0  +200%  - 5 0 %  
NTS 0 - - ( 3 )  
SRP 1 , 0 8 4 , 7 4 0  + 5 %  ( 1 ) 1 , 08 4 , 7 4 0  + 5 %  ( 1 )  

9 , 46 5 , 98 8  ft3 +125%  9 , 47 2 , 98 8  ft3 +125%  
- 40%  - 4 0 %  
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( 1) Telecon with J .  Covell , SR, 6/6/78 . 
( 2 ) Telecon with J .  Warren,  I.ASL , 6/6/7 8 . The f igure in Appendix C was reduced since no bur ial of > 1 0  nC i/gm 

( 3 )  

( 4 )  

( 5 ) 

is planned . 
Telecon with B .  Church and P .  Fitzs inunons , NV, 6/6/7 8 . The f igure in Append ix G was reduced since no 
bur ial of >10 nCi/gm wa ste is planned . The 1 x 104 m3 refer red to < lO nci/gm waste .  
Telecon with B .  Brockelsby ,  OR, 6/6/78 . The changes in Append ix D reflect re-estimates by ORNL for 1984  
and the accuracy values . These bur ied TRU -volumes refer to bulky equipment . 
Th is bur i ed TRU volume refers to waste bur ied pr ior to the initiation of TRU retr ievable storage 
operations at ORNL . Confi rmed by telecon with B. Brockelsby , OR , 6/6/7 8 . 



Waste Category 

S tored 
Contac t-Handled 

S tored 
Remote-Handled 

Bur ied ( 1 )  ( 2 )  

Table 2 

Sununary of DOE TRU Waste Volumes 

As of 10/1/77 
Volume ( f t3 ) Accuracy 

1 . 6 x 106 

3 . 0 x 104 

9 . 5  x 106 

+ ( 5-10 ) % 

+ 5 %  

+ 125%  
40%  

As of 10/1/84 
Volume ( f t3) Accuracy 

3 . 2  x 106 

7 . 8  x 10 4 

9 . 5  x 106 

+ 3 0 %  

+ 5 0 %  

+ 125% 
40% 

(1 )  An unknown f raction of the bur i ed  TRU waste may be in concentrations less 
than the 10 nC i/gm level , and therefore may be incorrectly included as 
" TRU" waste . 

( 2 )  Due to the degradation of the or iginal container , the total volume of 
mater ial resulting f rom any operations to recover this mater ial may be a 
factor of 2 to 3 larger than the or igi nal waste volume . In  addi tion , such 
recovery operations would also generate an additional waste volume . 
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Section I I I  

Obtaining More Detailed Waste Characte r ization Data 

The estimated time and fund ing requi red at the TRU waste retr ievable stor
age s i tes to obtain sign ificantly better data var ied f rom s i te to site .  Fol
lowing is a synopsis of the ind ividual replies:  

I.ASL - For the retr ievably s tored waste,  very li ttle , if anything ,  can be 
done--;;-improve significantly the available data. 

Pantex - I t  was e stimated that i t  would require 8 0  man-days and $6 , 40 0  to 
obtai n  more deta iled waste character ization data. Thi s  would not include 
opening of the conta i ner s ,  only ver ification with instruments. I t  would also 
not lead to the establi shment of an actual weight  of TRU mater ial , since i t  is  
mixed with non-TRU mater i als and processing would be required . 

ORNL - For the contact-handled TRU waste there might be two possible 
methods : 

• The f i rs t  would requi re the development of an instr ument system that 
can detect and quantify a var iety of radionucli des through the wall of 
a storage dr um .  Employment of such a system would cost about $100/drum . 
This method would not , however ,  give any additional i nformation on per
cent combustibles , compactibili ty ,  the presence of nonradioactive toxic 
mater ials , etc. 

• The second method would involve construction of a fac i l i ty where the 
dr ums would be opened and the contents analyzed and repackaged. Con
str uction cost would be about $1M and operating costs- about $1K/drum .  

For the remote-handled TRU waste ,  improvement of the isotopic composi tion 
data is essentially not possible . The waste is heavily shielded so i t  would 
have to be removed f rom the casks in hot cells for further study , after being 
excavated . Construc ti on  would cost about $ 2M ,  excavation about $ 0 . 6K/cask and 
operation about $3K/cask . I t  would take about two to four years .  

Hanford - I t  is estimated that rough estimates for the mi ssing data for 300  
Area bur ial g rounds could be obtained in about one year and cost about $7SK.  
The cost to improve the quali ty of the available data would take about one to 
two years and cost $ 25P-$ 500K . 

INEL - I f  the timi ng of addi tional waste character ization studies could be 
arrang ed  to coincide with the ongoing program, i t  is anticipated that i t  could 
be done in four months for about $37SK . I f  the timing could not be arranged , 
it  would take two more months and cost an additional $10 0-$12 SK . An addi tion
al $100K would be needed to charac ter ize the Pu in the soil surrounding the 
bur i ed  waste .  

NTS - Estimates o f  the funding and time required to obtain significantly 
more detailed waste charac ter ization data appear to be minimal . 
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SR - A more deta iled wa ste character ization study of retrievably stored 
waste would cost about $160K and take about one year . I t  would character ize , 
in deta il , cu rrent waste as it is prepared for storage . Sampling waste now in 
storage would be more difficult and costly. 
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Annex 1 

DATA ON WASTES STORED AT 
THE IDAHO NATIONAL ENGINEERING LABORATORY 
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Mr . J .  B .  Whi tsett , Chief 
Radioac tive Waste Programs Branch 
Idaho Operations Off  ice - DOE 
Idaho Fall s ,  ID 83401 

TRU WASTE DATA - Duf-7 3-78 

Apr il 23 , 1978 

Ref . :  J .  P. Hamr ic ltr to L. P. Duffy , same subj ect ,  Mar . 22 , 1978 

Dear Mr . Whi tsett : 

The referenced letter requested that TRU waste data be furnished for the 
WIPP S teer ing Commi ttee . The following information and attached tables 
fulf ill tha t request . The da ta are furnished in the same sequences as 
reque sted in the referenced letter . 

( 1 )  The information presently available on TRU waste is provided- by the 
Wa ste Management Information System (WMIS)  and the Transuranic 
Contami nated Waste Container Information System (TCWCIS) . The star t 
of the WMIS data f ile presently coi ncides with the ini tiation of 
retr ievable storage at INEL (10/7 0 )  and the TCWCIS star ted in 
September 1 97 1 .  

The WMIS data base includes the following data for each solid waste 
shi:r;:iment : waste generator and building number , gross volwne , gross 
we igh t ,  curie content , type and number of container s ,  uni t container 
volume , waste descr iption , nuclide identification and storage or 
d isposal location .  Routine monthly repor ts include di sposed waste by 
nuclides , stored waste by nuclides , waste compaction data,  number of 
stored or disposed containers ,  and detailed and summary repor ts by 
generator or d isposal/storage location .  

All retr ievably stored waste , both contac t  and remote-handled , are 
included in the WMIS .  The first year of data for retr ievable s torage 
is not available in the �IS . The data available at the present 
t ime on the subsu r face d isposed TRU are l im ited to hand tabulations 
of quanti ties shipped from Rocky Flats plant and estimations of 
Plu tonium quanti ties . 

( 2 )  Table I lists the quant i ties of TRU waste in each of the three 
reque sted categor ies . The retr ievable storage data are der ived from 
the WMIS da ta ban k .  The subsurface volume data are based on the 
information publ ished in ID0-10055 ( 77)  and have been modi f i ed to 
reflec t the retr ieval operations through 12-31-77 . The quanti ty 
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J .  B .  Whi tsett 
Apr i1 28 , 1 978 
Duf-73-78 
Page 2 

listed for the Transuranic Disposal Area reflects the >10 nC i/gm TRU 
portion of the total waste d isposed on Pad-A. Table II l ists the 
volume proj ec tions for TRU waste through 10-1-84 , based on the waste 
generator ' s  forecasts . There is no proj ected subsurface d isposal of 
TRU . 

( 3 )  The data for TRU waste presently in retr ievable storage are the con
tai ner volumes and are considered to be accurate within + 10% . The 
proj ec ted container volumes for contact-handled TRU is +

-
3 0 %  based on 

generator forecasts .  For remote-handled TRU ( ILTSF ) , the proj ected 
volume may vary ± 50 % .  This  projection includes the f i rst years 
waste f rom SAREF .  The subsur face disposed TRU quantities are con
tai ner volumes , based on tabulations of containers shipped , and do 
not reflect a review of wa ste shipment records . The disposed volume 
probably is  accurate within + 30 % .  However , due to container degra
dation ,  the mixing of waste with soil along with the TRU waste 
generation associated wi th retr ieval operations:  the total TRU 
retr ieved volume may be a fac tor of 2 to 3 larger than the or iginal 
waste volume . 

( 4 )  The WMIS data are publi shed annually by DOE-ID. The documents are :  
ID0-10054 ( 7 7 )  Radioactive Waste Management Information 1977 
Summary and Record to Date . 
ID0-10 0 5 5  (77 )  Radioactive Waste Management Information for 1977 . 

The TCWCIS data are not publ ished formally: however ,  several 
tabulations from this system are attached . Another information 
source is " H i s tory of Bur ied Transuranic Waste at INEL , "  WMP-77-3 , 
Mar ch 1977 , J . H .  Car d .  A review of available past data records has 
been ini tiated with the obj ective of producing a WMIS type data base 
for all solid waste pr ior to October 1970 . Also some add itional 
Rocky Flats drum logs may allow the TCWCIS data base to be extended 
bac k  to include the TRU waste of 1969-197 1 .  

( 5 )  The t ime and costs requ i red to obtain significantly more detailed 
waste character ization data are dependent upon the schedul ing of the 
proj ect relative to the current waste retr ieval operations . I t  is  
ant icipated that upon completion of the Initial Drum Retr ieval ( I DR)  
proj ec t ,  the TSA-1 will be opened for a visual inspection of the 
exter ior surfaces of the waste containers .  Thi s  operation could al so 
be the f i r st step in obtaining retr ievable containers for waste 
character ization.  Also the Early Waste Retr ieval (EWR) proj ect , 
currently scheduled through December 1973 provides the basic 
containment struc ture and equipment for the character ization 
proj ec t .  If the waste character ization proj ect could be scheduled to 
operate concurrently wi th the final por tion of the EWR project or 
di rectly af terwards ,  the costs of reactivating a mothballed EWR 
fac il i ty would be circumvented . 
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J .  R .  Wh i tsett 
.Apr i l  2 8 , 1978  
D u f - 7 3-78 
p.1g P. 3 

U t i l i z ing the TSA- 1 conta iner inspec tion progr am to obtain the dr ums 
rnd an ac t ive EWR fac i l i ty as a ba sic containment fac i l i ty ,  i t  is 
� n t i c ipated tha t the costs of the wa ste char acter ization program 
•mu ld be 375 , 000 dollars and requi re 4 months of ope rat ion .  A 
·; p�iu r ate en try into the TSA to obtain the dr ums and reac t ivation of 
t he EWR fac i l i ty to conduct the wa s te char acter i zation would add 2 
ruun ths and 100-125 , 00 0 dollars to the program. 

Another area of inve stigation wh ich is very cr i t ical to the wa ste 
volume sh ipped to WIPP is the amount and degree of Pluton ium soil 
contami nat i on su r rounding the subsurf ace wa ste . I t  is proposed tha t 
cor e samples be obtained in and around the ear ly waste pi ts and 
tr enches to be tter quant ify the so il volume that will have to be 
proce ssed . I t  is est imated tha t such a project could be accompl ished 
f or approx ima tely 100 , 000  doll ars . 

Thi? spec if ication s for cu rrent wa ste pac kages are given in Append ix A .  
Th�,,;e spec i f i cations are appl icable to dr ummed wa ste rece ived af ter 
D •_'rc>mber 197 2  and boxed waste rece ived a f ter June 197 2 .  Con sequently ,  i t  
i �  � s t ima ted that TSA- 1 and TSA-4 conta i n  1262  boxes which were not 
f i bPrglassed and 60 , 11 9  drums wi thout l i ner s .  

'l' ,1 b l e I I I  l i s ts the isotopic composition by we ight per cent for the TRU 
J" ic l i de s  in the con tac t-handled TRU waste . Table IV g ives the aver age 
w0 i qh t  for the boxes and dr ums in the contac t-handled TRU wa ste by year 
cf stor age .  The increase in drum we igh t for the per iod of 1970-1977 is 
v � r y  s ign ificant and probably the result of be tter package u t i l i zat ion .  
T·:\ble V l i sts the combu s t ibil i ty and compac t i b i l i  ty for the contac t
h a nd l  ed TRU wa s te .  U t i l i z ing normal comp ac tion and i nc i nerat ing tech
p j_que s ,  ahout 7 1 %  of the wa ste is not trea table . Table VI gives the 
plu ton i um  loading in the Rocky F l a ts boxes and runs by year of s torage . 
l\qa i n ,  the dr ums show a signif icant increase in  Plutonium content in the 
l a t P st wa ste ( 1 970-1977 ) .  

� � ampl i nq of the contac t- handled TRU waste by con tainer conten t is given 
i n  'l'able VII . Th is table conta ins the da ta f rom several wa ste 
c cncr a tor s .  Consequen tly , dupl icate or near dupl icate con tent descr ip
t L  ons may be encou ntered . 

Nr:i da ta are cu rrently ava ilable on nonrad ioac tive tox ic const i tuents in 
t: he TRU wa ste .  Some information may be obtai ned f rom our record sear ch . 
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J .  B .  Whi tsett 
Apr il 28 , 1978 
Duf-73-78 
Page 4 

However , the initial ind ications are that any information of this  type 
will be very l imited and superficial.  

HMB : lf 

Attachment - Appendix A 

cc :  R.  W.  Kiehn , EG&G I daho 

Very truly yours ,  

L .  P .  Duffy,  Manager 
Waste Management Program 
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TRU vJA STE AT IN EL 
AS OF 12/31/ 7 7  

Re tr i evablv S to r ed - Con tac t-Hand l ed TRU 

Volume Gr ams 
S torage Area m3 Cu . ft . Cur ies Box Ba r r e l  B i n  Pu Am-2 4 1  U-2 3 3  

TSA # 1  (1 )  27  I 4 50 9 69 , 260 120 , 9 00 4 , 2 41 6 4 , 519 8 3  148 , 4 00 11 , 2 90 40 , 59 0  
10/70-10/7 5 

TSA # 2  4 , 58 3  16 1 ,  8 2 5  44 , 3 90 787 8 ,  7 28 78 49 , 48 0  2 , 2 3 0  15 , 0 4 0  
10/75-12/77 

TS ARI ( 2 )  2 , 00 6  70 , 8 3 2  9 , 4 6 9  - 9 , 3 7 8  11 12 , 14 0  9 4 6  
1/77- 12/77 

TOTALS 34 , 03 9  1 ,  20 1 ,  9 17 17 4 , 7 59 5 , 0 2 8  8 2 , 6 2 5  1 7 2  210 , 0 20 14 , 4 6 6  55 , 6 3 0 

tT1 Re tr ievab ly S tored - Remote-Handled TRU 
I 

t-J 
CD 

11 TSF ( 3 )  9 304  54  76  19  - -
11/76- 12/77 

Subsur face Di sposa l  TRU Car tons 

SDA ( 4 )  59 , 5 22 2 , 10 2 , 0 00 19 1 , 0 0 0  6 , 04 2  18 2 , 2 50 12 , 783  344 , 0 00 
1954- 10/70 

TDA ( 5 )  7 , 190  25 3 , 800  3 , 49 4  1 , 2 4 3  15 , 00 0  - 11 

( 1 )  Tr ansu ran ic S torage Ar ea - 2 0  year retr i evab le s torage 
( 2 )  Transuranic Storage Area - Retr ieved wa ste from 'sub sur face disposal 
( 3 )  Intermed iate Leve l Transu ranic  Storage Area - Intermed iate gamma TRU wa ste 
( rj )  Subsur face Di sposa l  Area - Sha llow land bu r ia l  TRU wa stes 
( 5 )  Transu ran ic D i sposal Area - Pad d i sposal o f  > 10 nC i/gm TRU 



TABLE II 

TRU WASTE AT INEL 

As of 10/1/84 

Retr ievabl� S tored - Contact-Handled TRU 

As of 12/31/77 34 , 039  m3 or 1 , 20 1 , 917 cu . f t .  
Proj ec tion thru 198 4 23 , 641 m3 or 834 £766  cu . f t .  
Totals 57 , 68 0  m3 or 2 , 036 , 68 2  cu . f t .  

Retr ievabl� Stored - Remote-Handled TRU 

As of 12/31/77 9 m3 or 318 cu . ft .  
Proj ec tion thr u 1984 4 0 0  m3 or 14 , 124 cu . f t .  
Totals 409 m3 or 14 , 44 2  cu . f t .  

Subsurface Dis2osal TRU 

As of 12/31/77 59 , 522  m3 or 2 , 102 , 00 0  cu . ft .  
Proj ection thru 1984 0 0 
Totals 59 , 522 m3 or 2 , 10 2 , 000  cu . f t .  

TABLE III  

ISOTOPIC COMPOSITION OF TRU NUCLIDES IN TSA WASTE 

Nucl ide Weight ' 

Am- 241 5 . 15 
Pu-238  0 . 34 
Pu- 23 9 69 . 57 
Pu-240 4 . 36 
Pu- 241 0 . 30 
Pu-242 0 . 01 
U- 233 20 . 27 
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TABLE IV 

AVERAGE WEIGHT TRU WASTE CONTAINERS 

197 0 *  
1 971* 
197 2 
1 973  
1 974 
1975 
1 976 
1977 

1 97 1* 
1 972 
1 97 3  
1974 
1 97 5  
1976 
1977 

t Drums 

9 , 378 
2 ,  7 26 

15 , 690 
9 , 097 
6 , 860 
8 , 782  
4 , 279 
3 , 464 

60 , 266 

• Boxes 

56 2 
975 
944 
774 
613 
492 
514 

4 , 764 

*Partial year ' s  data . 

Drums 

Weight (lbs) 

1 , 787 , 825 
871 , 646 

5 , 641 , 154 
3 , 000 , 7 23 
2 , 444 , 782  
3 , 26 1 , 068 
1 , 596 , 536 
1 ,471 , 801 

19 , 975 , 56 5  

Boxes 

Weight (lbs) 

1 , 20 5 , 060  
3 , 063 , 110 
2 , 813 , 612 
2 , 006 , 220 
1 , 316 , 289 
1 , 359 , 950 
1 , 415 , 6 34 

13 , 17 9 , 875 
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Average 
Weight 

190 . 6  
319 . 6  
363 . 2  
329 . 9  
356 . 9  
371 . 3  
372 . 4  
424 . 9  

3 31 . 5  
( 4 5  lbs/ft3 ) 

Average 
We ight 

2183 . 1  
3141 .  7 
2980 . 0  
2 69 2 . 0 
2566 . 9  
2764 . 1  
2754 . 2  

2766 . 6  
(25  lbs/ft2 ) 



TABLE V 

COMBUSTIBILITY AND COMPACTIBILITY - TSA WASTE 

9/71 - 12/77* 

Comp Comp NComp NComp 
Uni t  Count Total Comb NComb Comb NCornb -
Drums 48 , 917 15 , 677 1 , 190 408 31 , 8 42 
Boxes 4 , 766  404 423 205 3 , 734 
Bins 161 160 1 

Volume (m2 ) 

Drums 10 , 374 3 , 325 252 87  6 ,  710 
Boxes 14 , 849 1 , 259 1 , 318 6 3 9  11 , 6 33 
B i ns 547 544 3 

Total 25 , 770 5 , 128 1 , 573 726 18 , 343 

' 19 . 9  6 . 1  2 . 8  71 . 2  

*Does not i nclude retrieved wastes.  
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TABLE VI 

AVERAGE PLUTONIUM LOAD ING ROCKY FLATS WASTE 

Drums 

t of We ight Gms Pu/ 
Year Units (gms )  Conta iner 

1 97 1* 2 ,  7 26 2 , 555 0 . 94 
1972 15 , 69 0  27 , 744  1 .  76  
1 973 8 , 978 12 , 7 05 1 . 42 
1 97 4  6 , 119  28 , 59 5  4 . 67 
1 975 3 '  556 30 , 89 4  8 . 69 
1976 2 , 76 5  15 , 51 9  5 . 6 1  
1977 2 , 660 27 , 1 98 10 . 2 

TOTAL 48 , 4 9 4  145 , 2 10 3 . 42 (Ave . )  

Boxes 

1971*  552 769 1 . 39 
1972 975 5 , 3 8 3  5 . 52 
1 973 9 44 1 1 ,  554 12 . 24 
1974  776  6 , 6 12 8 . 39 
1 975 302  1 , 0 47 3 . 47 
1976 4 9 2  1 , 858 3 . 78 
1 977 466 4 , 99 3  10 . 7 1  

TOTAL 4 , 507  32 , 1 16 7 . 13 (Ave . )  

*Partial year ' s  data . 
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M 
I 

w 
w 

Content Descr iption 

Not Recorded - Unk nown 
First  Stage Sludge 
S econd S tage S ludge 
Organ ic Set Ups (Oil  Solids) 
Spec ial Set Ups (Cement) 
Evapora ted Salts 
Combu st ibles (Rag s ,  Gloves , Poly) 
Non-compress ible , Non-combu st . 
So lid i f i ed  Gr i nd ing Sludge , Etc . 
Solid Bina ry Scrap Powder , Etc . 
Dirt  
Sludge 
Alpha Hot Ce ll Wa ste 
Amer ican Process Residue 
S J.udge , Fil ter 
Cemen ted Sludge 
G raph i te 
Graph ite Core s  
Benelex and Plex iglas 
Graph ite Sca r f i ng s  
G raph i te Heels 
Tanta lum 
Paper and Rags - Dry 
Filte r s ,  Absolute ( 8x8 ) 
Paper and Rags - Mo ist 
Plast i c s ,  Te flon , Hash , PVC 
Insula tion & CWS Fil ter Media 
Leaded Rubber Gloves & Aprons 
Insulation 
Insulation Hee l 
Cr uc ible , Lead 
Br i c k , F i r <>  
C r  i t  
B l ,:; c k top C-•- c qc - , _ L ' ' ·· · '- . (" . 

,:: r. (1 ._) ,"1 n a  

TABLE VI I 

TRANSURANIC STORAGE ARFA DATA 

Dr ums 

1 , 903  
4 , 957 
6 ,  472 
3 , 366 

8 51 
12 

865  
777 

4 1  
1 2  

1 3 5  
23 
40  

120 
1 

73  
7 58 

32 
16 
16 

4 
192  

4 , 9 45 
110 

7 , 2 9 3  
1 , 83 2  

2 5 3  
509 
239 

1 
30 

8 8 6  
5 

" � -' _ _, '  

9/7 1 thru 12/76 
TABULATED BY CONTENT CODE 

Volume Volume 
Cu . Ft . Boxes Cu . Ft . 

2 1 , 088 
37 , 8 21 
48 , 84 2  
27 , 58 1  

6 , 8 12 
107 1 112  

6 , 6 23  
5 , 7 6 2  

3 0 5  
8 8  

9 9 3  
169 
160  
897 

7 
537 

5 , 61 9  
2 3 5  
ll8 16 1 , 79 2  
118  

41  1 112 
1,  4'12 

36 , 8 35  323  36 , 1 76 
809  

5 3 , 7 38 8 896 
13 , 62 5  9 1 , 000  

1 , 860 78  8 , 736 
3 , 74 3  
1 , 76 1  1 1 12 

1 1  
2 2 1 

( , '.: 1 9  2 �  2 , 6 5 8  
3 7  

F , 3 ? �· ,, - ', r - -
(,� ;... f -

We igh t 
lbs . Pu Grams AM Grams 

3 9 2 , 805  3 , 24 1  32  
2 , 5 37 , 489 26 , 22 4  10 , 2 4 9  
3 , 469 , 429 1 , 523  16  
1 , 784 , 05 5  1 , 8 37 0 

508 , 472 9 10 7 
10 , 69 2 6 7 

164 , 845  -0- -0-
184 , 47 4  -0- -0-

9 , 880 -o- -0-
. 

2 , 9 50 -0- -o-
83 , 5 35 -0- -0-

6 , 800 -o- -0-
3 , 67 4  16 -o-

43 , 997  150  -0-
145  14  -o -

19 , 07 2  1 , 06 1  -0-
197 , 179 6 , 274  -o -

8 , 327 4 0 5  -0-
63 , 728  67  - 0-

3 , 8 27 8 1  -0-
3 ,  500 783 -0-

48 , 3 6 5  2 , 3 7 2  1 8  
1 , 576 , 6 44  2 , 66 2  9 1  

16 , 9 12 215  7 
1 , 4 55 , 248 2 , 212 11 

3 3 3 , 056  1 , 14 5  3 9  
195 , 774 6 , 50 1  0 
17 2 , 04 2  14 , 0 2 5  16 

36 , 138 217 0 
4 11  1 9 9  0 

11 ,  4 4 8 9 1  0 
: 8 7 , 1 4 C  2 r / 8 9  c 

�? f ;: 2 ( ·  ,. 1 " , __ 

("  .� [, ' -



TABLE VI I (Con t i nued ) 

Volume Volume We ight 
Content Descr iption Drums Cu . Ft . Boxes Cu . Ft . lbs . Pu Grams AM Grams 

Oil Dirt Residues From Incinerator 11 81 4 , 209  10 0 
Cement Insul . & Filter Media 206 1 , 515 2 224  56 , 971  5 , 2 5 3  17 
Cr uc ible and Sand 1 7 282  35  0 
Sand , Slag and Cruc ibles 6 67 2 , 700 1 , 16 4  0 
Sand , Slag , and Cr uc ible Heels 8 59 1 , 7 07 1 , 468 0 
Electrorefining Salt 2 15 476 24  0 
Ash , Incinerated (Virgin) 8 59 3 , 212 3 59 0 
Soot 13 96  2 , 8 26 702  0 
Resin,  Ion Co lumn Unleached 29  266 11 , 528 2 ,  7 16 0 
Resin,  Leached 6 59 2 , 389  26 3 0 
Resin , Leached and Cemented 139 1 , 0 22 40 ' 500 2 , 964  21 
Glass 76 1 5 , 88 1  1 112 190 , 59 4  3 , 84 1  16 
Raschig Ring s ,  Unleached 1 , 096 8 , 060 215 , 924 11 , 562 0 
Rasch ig Ring s ,  Leached 22 166 6 , 54 5  46 0 

t:i:l washables ,  Rubber , Pla stics 6 67 2 , 8 13 8 1  0 I 
w Gloves ,  Drybox 53  510 19 , 533  759  0 � 

Plexigla ss and Benelex 48 364 12 , 971  90 0 
Metal Scrap (Non SS ) 1 , 669  12 , 718 2 , 58 9  289 ,702  7 , 98 1 , 07 5  27 , 3 19 43  
Metal , Leached (Non SS) 4 57 3 , 361 1 112 141 , 841  13 ' 531  3 
Filters CWS 58 460 466 52 , 19 2  886 , 546 5 , 548 13  
�uipment Boxes 12 1 , 3 44 12 , 687 88 0 
High Level Acid 235 1, 728 7 5 , 815 17 0 
High Level Cau stic 691 5 '  081 229 , 878 20 0 
High Level Sludge/Cement 1 , 998  14 , 69 2  1 , 2 6 0 , 9 5 2  7 0 

16 nCi/gm Non-Combu stible 1 7 3 3 5  0 0 
Contaminated Soil 36 4 , 0 3 2  160 , 0 0 2  1 0 
LSA 100 nCi/gm Combustible 103 7 57 23 , 168  0 0 
LSA 100 nCi/gm Non-Combustible 110 609 2 2 , 78 2  0 0 
LSA Paper ,  pla stic s ,  Etc . 352 2 , 6 11 6 672 8 2 , 244  1 0 
LSA Metal ,  Glass , Etc . 110 809 334 37 , 49 2  918 , 936 68 0 
Concrete ,  Aspha l t ,  Etc . 704  5 , 233 171 10 ' 4 26 1 , 0 2 2 , 373 3 26 0 
Wood 24 176 54  6 , 0 5 5  123 , 89 2  467 0 
Bldg . 776 Proce ss Sludge 5 37 19 2 , 128 89 , 887 23  0 
Laundry Sludge 11 1 , 232  46 , 98 0  4 3  0 
�uipment 1 7 178 11 0 
Dirt 470 3 , 456  255 , 46 3  0 0 
Sludge 296  2 ,177 8 896 176 , 7 51 64  0 

TOTALS 47 , 40 4  36 3 , 658 4 , 2 5 2  467 , 32 3  28 , 49 2 , 73 2  154 , 559 10 , 606  
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Annex 2 

INEL CONTAINERS FOR TRU WASTE 
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STANDARD CONTAINERS 

Standardized containers are used at the INEL Radioact ive Waste Management 
Complex (RW?oe) . These containers are designed to provide safety , integr i ty ,  
and improved space utilization of the RWMC . The following containers are 
a�roved by the Depar tment of Transportation (DOT) and by DOE-10 for use at 
INEL . DOE-ID will provi de the procurement specifications , noted below, upon 
request .  

( 1 )  The DOT 17C SS-gallon dr um, per procurement specification 572001 , is 
standard steel dr um, constr ucted of 16-gauge mater ials , with a 
removable head ( s ee  F igure 1 ) . 

( 2 )  The DOT 6M packaging consist of a DOT 17C SS-gallon dr um with 
fiberboard center ing media and a DOT spec 2R inner containment vessel 
( s ee  Figu re 2 ) . DOT 6M packaging is acceptable at the INEL for 
storage only when the dr ums have no mechan ism for venting .  This  
requi res the generator to obtain approval for modification to the DOT 
6M packaging which may be obtained when the 6M package is shipped 
inside another DOT approved transport device . 

The DOT spec ification 2R , or equivalent , containment vessel must be 
made of stainless steel , malleable i ron , brass or other mater ial 
having equivalent physical strength . The vessel shall be less than 
2S 3/4 i nches overall length and have a max imum outside vessel 
diameter of S inche s .  Ends o f  the vessel must be f i tted with a 
screw-type closure , flanges of welded or brazed plate . _ The waste 
generator �ust submi t the detail s of the 6M packaging , including 2R 
containment ve ssel to DOE-ID and EG&G WMPO for information pr ior to 
usage.  

( 3 )  The DOT l/H 30-gallon drum, per procurement speci fication S72006 , is  
a standard steel dr um constr ucted of  18-gauge mater ial with a 
removable head ( see F igure 3 )  • 

( 4 )  Two styles of DOT 7A boxes are acceptable (see F igures 4 and S ) . 
Pac kaging of transuranic waste per Section v ,  Table II , requires the 
box to be coated with 1/8 " of f iberglass per procurement 
spec ification S72013 as shown on F igure 4 .  

(a )  The DOT 7A wooden box , per procurement speci f i cation S72016 , is  
an externally cleated plywood box , normally 4 '  x 4 '  x 7 '  long 
(see Figure S ) . These boxes are being replaced by the box shown 
in Figu re 6 .  

( b) The DOT 7A wooden box , per procurement specification S7 20 11 , is  
a plywood box with i nternal stiffeners , normally 4 '  x 4 '  x 7 '  
( see F igure 6 ) . 

( S )  The DOT 7A steel box , per procurement specification S7 2010 , i s  a 
rectangular steel box of d imensions SO 3/8 " x S8 3/8 " x 72  3/8 " ( see 
F igure 7 ) . When used as an overpack i t  will hold eight ( 8 )  17C 
SS-gallon dr ums in two ( 2 )  layers of four ( 4 )  dr ums each or twelve 
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( 12 )  1 7M 30-gallon dr ums in two ( 2 )  layers of six ( 6 )  dr ums each . 
This box doe s not requ i re a secur i ty seal when i t  is  used as an 
overpack , p rov ided each of the DOT approved i nner containers is  
proper ly sealed . 

( 6 )  S ee Section VII I  Exceptions of Spec i al Shipment Requi rements for use 
of contai ners that do not meet the above cr i te r i a .  

E-4 5  



COT S PEC. 17C STEEL. CRUM (55 gal lon) 

33-114 h1. uubl• 
iHlde helgftt 

�1·/2 la. ____ ---1 :----- 1 .0 .  

F1 gure 1 
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H 11d and Gasket 

Rol llnt Hoop (3 r equired) 

Socty and Head Shfft 
(11 i•ut•> 



So l i d  indusl r i d  � ane  
f i iareocrds ,  h ard wood 
or � l r wood 

Req u ired for pac kag�s 
h aving au thor ized gr o s s  
weiah c in exc e s s  o f  2 1 9  
k& ( 480 l b  ) a s  s pe c i f i ed 
in C'FR-49 § l i S . 104  

DOT SP � C . 6M P acka g i ng 
( C FR �9 � 1 7 8 . 1 04 ) 

F i gure 2 

E - 4 7  

Boit (51 8 in.) 

V e n t  Ho l e s  
(m in imum � f  d r e c; u 1 t e � . 
1 .2 cm [O.S l n . -d i J m t i o r )  

SP E C  2R  
� r  t �u i • c l en l  

0 .0 . T . SP.  1 7 C 
er e qu i ,. cl1n t  



21 in. uul:l le 
Inside neight 

C OT SPEC. 1 7H STEEL. ORUM { 3 0  U l i on )  

F i gure 3 
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So-3 1 1  I n .  

ltn C:ovet and 8octy, 
12 9ayte ltHI 

C OT SP!C. 7 A ST'EEL. S O X  

Sl-l / 1  
In. 

Stlff9Mt', l In. 11t11• lroft 

rf gure i 
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Bin Cov.r 

S / 1 1  Hu 

Weather Str ipp lnq, 
(7 / 16 In.  thlc:k X 1 tn. wide) 

Brac:e 2 In. an9 le iron 

L.lftl"'ll! Stn�. l/4 In. d i ameter 
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Append ix F 

INC INERATION AND IMMOBILI ZATION PROCESSES 

As expla ined in Sec tion 5 . 3 ,  severa l studies of the processing of transura
n ic waste have been carr ied out at the Idaho Nat ional Eng ineer ing Laboratory.  
One of these analyse s ,  per formed by the FMC Corporat ion (1977 ) , evaluated 17 
incineration proce sses (n ine for rad i oactive waste and eight for mun ic ipal or 
commerc ial wa ste ) and 11 immobilization processes .  Th is append ix br iefly 
descr ibes these processes . 

F . l  INCINERATION PROCESSES 

F . 1 . 1  Proce sses for Rad ioactive-Wa ste Incinerat ion 

An ac id-d igest ion process is being developed at the Westinghouse Hanford 
Company , Richland, Wash ing ton . Th is system treats combust ibles with sulfur ic 
and nitr ic ac ids at abou t 240°c .  The residue from th is process consists of 
inorgan ic sulfates and oxides in a salt-cake form. 

An ag itated hear th is  an adaptation of a commercial inc inerator . This 
operation is be ing developed by Rockwell International at Rocky Flats , 
Colorado . In th is process a batch of contaminated combustible - mater ial is 
charged into a pr imary chamber where rotating rabble arms ag itate the com
bustible mater ial to improve the burn ing . The output is a dry ash . 

A controlled-a ir incinerator , also a mod if ication of commerc ially ava il
able equipment ,  is under constr uc tion at the Los Alamos Nat ional Scientific 
Laboratory , Los Alamos , New Mexico . Th is inc inerator uses a starved-a ir pr i
mary chamber with an oxygen-r ich secondary chamber . The offgas is treated by 
wet scr ubbing . The output of th is process is also a dry ash.  

A cyclone-drum inc inerator is being operated at the Mound Fac ility , Miam
isburg , Oh io. Contaminated laboratory waste is burned in a vor tex-type inc in
erator inside a 55-gallon dr um. The contami nated wa ste may be handled both in 
and out of the inc i ne rator in the 5 5-gallon drums . The residue from the com
bust ible por tion of th is' process is almost complete ly oxidized .  

A f luid ized-bed inc i nerator i s  be ing developed by Rockwe ll International 
at Rocky Flats , Colorado . Th is process feeds combust ible mater ial into a hot 
fluid ized bed of sodium carbona te . The hot a ir that f luidizes the bed pro
vide s immed iate ign it ion for combustible s ,  wh ich are burned . The ash is sep
arated in a cyclone . A second fluid ized bed is used for complete oxidat ion . 
The re sidue is an ash collec ted in the cyclone separator . The sod ium car
bona te provides in-situ neu tralization of the hydrog en chlor ide and other 
ac idic gases formed dur ing the oxidation . 

The mol ten-salt inc i nerator was developed by Atomics International for the 
Idaho Nat iona l Eng ineer ing Laboratory .  This process feeds finely divided 
combu stibles and noncombu st ible s ,  includ ing metals ,  into a mol ten-salt bath . 
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The combust ibles immed iate ly oxidize within the bath , and the ash is captured 
there along with the metal oxides and other noncombust ible s .  When the bath is 
fully loaded with noncombust ible mater ial , it is dra ined along with the cap
tured inc i nerator residue . The sodium carbonate in the molten bath provides 
in-situ neu tralization of the ac id gases formed dur ing the oxidation process . 

A controlled-a ir pyrolysis incinera tor is be ing developed by E .  I .  du Pont 
de Nemours & Company ,  Inc . , at Savannah River , South Carolina . This process 
moves combust ible mater ial into a refractory-lined chamber heated to lOOOoC 
by electr ic heaters . The oxygen is ma inta i ned below sto ichiometr ic levels to 
obta in flameless inc ineration .  Under these cond it ions the volatile mater ials 
are dr iven off and oxid ized in an oxygen-r ich secondary chamber .  The pr in
c ipal residue of this process is a char relatively h igh in carbon . 

A commercial rotary-k iln incinerator , adapted for radioactive waste ,  is 
under constr uc tion for the Rocky Flats Plant in Colorado . The contaminated 
waste mater ial is fed into the upper end of the rotary k i ln and oxid ized as  
the k iln rotate s .  The dry ash i s  continuously removed from the bottom o f  the 
k i ln .  The o ffgases are burned i n  an af terburner . 

A slagg ing-process inc inerator , installed at the CEN-SCK waste fac ili ty 
in Mel , Belg ium, is a commercial i nc i nerator adapted for radioact ive-waste 
d isposal.  The wa ste mater ial is shredded before be ing fed into a waste hopper 
that surrounds the incineration chamber . As the waste mater ial feeds into the 
inc ineration chamber , it is oxidiz ed ,  and the noncombustible mater ials are 
melted into a slag at 1600°c .  The slag output mater ial dr ips cont inuously 
from the hearth into a water quench tank below the i nc inerator . - The output 
mater ial is a basaltli ke glassy slag . 

F . 1 . 2  Proce sses for the Inc ineration of Commerc ial or Mun icipal Waste 

The commerc ial controlled-a ir inc inerator is similar to the radioac tive
waste un i t �  it u ses a " starved-a ir"  pr imary combustion chamber process to 
produce a low level of turbulence that minimizes the transfer of par t iculate 
matter to the offga s .  An oxygen-enr iched secondary chamber with v igorous a ir 
turbulence is used to complete ly oxidize the offgas . 

Commercial fluid ized-bed incinerator s (FBis ) ,  although s imilar in pr inc i
ple to the Rocky Flats FBI , are quite different . All commerc ial FBis operate 
at h igh temperatures and consequently use refrac tory lining s .  Physical s izes 
and capac it ies are much larger . Usually the feed mater ial they process can be 
in much larger chunks that need not be shredded as  f ine. 

The commerc ial application of molten-salt inc inerators is in the devel
opment stage . The molten-salt inc inerator developmental prog rams are in the 
areas of coa l gasi fication , flue-gas pur if ication , etc . Production rate s  vary 
from 1 to 3 metr ic tons per hour . 

The commerc ial mov ing-grate is a common type of munic ipal solid-waste in
cinerator or combustion system for wa ste-heat bo i ler s ,  etc . Th is inc inerator 
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require s finely shredded combust ible feed mater ial with little foreign noncom
bustible ma ter ial . The max imum capac ities of these uni ts in tons per hour are 
large . 

The commerc ial multiple-hear th combustor is used frequently for inc inerat
ing mun ic ipal and i ndu str ial sludges , shredded solid wa ste s ,  etc . An advan
tage of the multiple hearth is a long residence time in the inc inerator and 
varying temperature ranges for the ind ividual hear ths so that the top hear ths 
may be drying the wa ste , the middle hearths pyrolyzing the waste , the lower 
hearths oxid iz ing the waste ,  and the bottom hearth cooling the wa ste .  Because 
the ind ividual hear ths are vertically above each other , the units are eff i
cient in operation ,  utiliz ing all the waste heat of combustion . The maximum 
capac ities of multiple-hearth un its can be more than 100 tons per hour . 

The commerc ial ver sions of the pyrolys is incinerator s are operated more 
near ly as a controlled-a ir process than as a pure pyrolysis process . These 
un i ts completely oxid ize the pyrolys is char residue in the pr imary chamber to 
provide a dry inert ash . A secondary combust ion chamber oxidizes the tar s  and 
other volatile produc ts of pyrolysis.  

The rotary kiln is another large-capac ity , standard inc inerator for com
merc ial or munic ipal wa ste.  Rotary k ilns are also used for hazardous-wa ste 
inc ineration in wh ich SS-gallon drums of mater ial are directly fed into the 
rotating k i ln with little deleter ious effect on the k i ln lin ing . 

The slagg ing-pyrolysis process is a relatively new form of munic ipal-wa ste 
i nc i neration .  The or ig inal obj ect ive of th is process was to generate gas from 
a py rolysis zone that cou ld be used as fuel for industr ial or munic ipal opera
tions . In th is process wa ste ma ter ial is loaded into a vertical shaft cham
ber . As the mater ial descend s ,  it passes through a drying zone , a pyrolysis 
zone , an oxi dation zone , and , finally ,  a slagg ing zone in the bottom of the 
chamber . The hot gases dr iven off each zone r ise and form the fuel for the 
upper zone s .  In the pyrolysis zone , the volatile gases are collec ted r they 
may be used as fuel in a steam boiler or oxidized in an afterburner , with the 
hot gases running to heat exchanger s .  The output o f  th is process is a basalt
like glassy slag that entraps the ash along with metals and noncombust ibles in 
the wa ste mater ial . 

F . 2  IMMOBILI ZATION PROCF.SSES 

B itumen . Any form of wa ste res idue may be encapsulated in bitumen (as
phalt) that can be hand led by the bitumen mixer . Th is process has been used 
pr imar i ly for waste residues that are to be d isposed of in the sea . 

Cement .  Hydraulic cement may be used to stabilize ash , salt , or even 
sma ll pieces of metal and other noncombustible s ,  so long as these mater ials 
can be handled by the mixer . The cement with embedded wa ste mater ials may be 
ca st into any desired form for handling . Steel re inforcements are used to 
inc rease the streng th of the packages . 
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Ceramic . In th is process , the wa ste mater ial in the form of a calc ine is 
combi ned w ith gla ss fr it to produce gla ss ceramics .  For immobiliz ing high
level wa ste , the output ceramic  is embedded in a metal matr ix for heat disper
sion .  

Clay . Rad ioactive wa ste in the form of sod ium-salt solutions combines 
chemically w ith clays to immobi lize the waste . The clay may be formed into 
br ick s ,  wh ich are fired at 700 to 900°c �  th is fir ing decreases the leach 
rate .  

Glass ( solution) . Var ious wa ste mater ials may be combined with glass
forming mater ials and melted at h igh temperature s .  When the forms of the 
output mater ials are finely ground ash , salts , oxide s ,  or calc ine s ,  they dis
solve and are d issolved in the gla ss matr ix . 

Glass ( encapsulation) . Small pieces of metals and other noncombustible 
mater ials are encapsulated in molten glass poured over them. 

Meta l matr ix . Metals are used to stabilize  the radioactive-waste mate r i
als that are in the form of v i tr ified pellets or beads or in some other cal
c ined form .  The pr inc ipal advantages of the metal matr ices are high impac t 
strength and h igh thermal conductivity .  

Pellets .  The rad ioac tive mater ial and ash are ground very f i nely and 
mixed w ith h igh-alumina cement . Th is powder is then pressed into pellets and 
s intered . The pr inc ipal advantage of th is process is that the concentrat ion 
of radioact ive wa ste in the pellets ( 80% ) is h igher than that o�ta ined w ith 
other techn iques .  For example , in the glass-solution process the rad ioactive
wa ste concentration is 50% at a maximum. 

Plast ic mater ials . A var iety of resins and plast ic mater ials have been 
used as matr ices to immobi lize ash , salts , and oxides . These mater ials could 
be used to stabilize small pieces of metal and noncombust ible s .  The pr imary 
d isadvantage is that these resins are combustible . 

Salt cake .  The cast salt cake taken direc tly from the output o f  the 
molten-salt incinerator or the acid-digestion proce ss adequately immobilizes 
the fine ash mate r ial . However , the salt cake has a very h igh leach rate and 
thus w i ll not meet stabi lization requirements . 

Slag . The produc t  of the slagg ing inc inerator is a granular basaltlike 
glassy s lag . Gla ss formers may be added to the wa ste-mater ial feed in the 
inc inerator to improve the vitr if ied output .  
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Append ix G 

MEI'HODS USED 'ro CALCULATE RADIATION DOSES 
FROM RADIONUCLIDE RELEASES DURING OPERATION 

G . l  INTRODUCTION 

The rad iation-dose calculations for rad ionuclide releases dur ing operation 
were per formed with a mod ified ver sion of the computer code AIROOS-I I .  Be
cause excellent documentation descr ibing the code and its input instructions 
is ava ilable (Moor e ,  1977 ) , th is appendix only h ighlights the major features 
of the code and outlines mod ifications made to the code . 

Generally , AIROOS- II is pr imar ily intended to calculate doses from a con
tinuous release of rad ionuclides , but ,  with the proper adj ustments of input 
parameters , it can be used for a pulse release--that is , a release over a shor t 
t ime that would re semble a release resulting from an acc ident . The unmod if ied 
code calcula tes i ts own atmospher ic-d ilution fac tor s (X/Q values) : it was used 
in Chapter 6 to calculate doses from transpor tation-acc ident releases . In cal
culating doses f rom normal and acc idental releases f rom the WIPP in Chapter 9 ,  
site-spec ific X/Q values were des i red . These values were obta ined with the 
integ rated-puff model MESODIF,  descr ibed in Appendix H ,  Section H . 4 .  In order 
to use these X/Q values ,  it wa s necessary to wr ite a subroutine that allows the 
direct input of X/Q values into AIROOS- I I .  

The general flow of information i n  the code i s  ind icated i n  Figure G-1 .  
The MAIN s ubroutine dr ives the code as it d ifferentiates between user opt ions 
and direc ts the logical calculation process . MAIN f irst calls either CONCEN 
or COMPAG . CONCEN estimates ground-level air  concentrations and sur face
depos i t ion rate s .  CONCEN calls QX , wh ich accounts for plume depletion over 
the study area . COMPAG inputs previously calculated X/Q values and then cal
culates sur face-depos it ion rate s .  Once the concentrat ions and deposi tion 
rates are calculated , MAIN calls DOSE to compute the dose delivered to peo
ple . DOSE then calls COSMIC , wh ich simply provides a structured output of 
DOSE results . 

G . 2 METEOROLOGICAL ROUTINE 

The AIROOS- II code cons ists of two maj or calculation routine s :  the mete
orolog ical routine and the dose routine . The meteorological routine is based 
on a d ispersion model that considers plume r is e ,  plume deplet ion ,  and an in
version lid.  The equat ion used to est imate plume d ispersion is the Gauss ian 
plume equation of Pa squ ill , as mod ified by G ifford ( 1972 ) : 
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f igure G-1 .  flow of information in the AIRDOS-11 code. 
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where 

x = concentration in air at x meter s downwind , y meter s crosswind, and 
z meters above the ground (pC i/m3 ) 

Q = un iform emission rate fran the stack (pC i/sec ) 
u = mean wind speed (m/sec ) 

ay = hor izontal disper sion coeff ic ient (m) 
az = ver tical disper sion coefficient (m) 

H = effect ive stack he ight (physical stack height h plus the plume 
r ise .!1 h) (m) 

y = crosswind d istance (m) 
z • ver tical distance (m) 

For calculating ground-level concentrations , this equation may be reduced 
to the following : 

The values of the disper sion coefficients are calculated from equations 
developed by G .  A. Br igg s of the Nat ional Ocean ic and Atmospher ic Administra
tion.  They are descr ibed in Table G-1 for each Pasquill category .  

Table G-1. Formulas Recommended by Br iggsa for ay and az for Open-Country 
Cond itionsb 

Pasquill ay az 
category (meters) (meter s)  

A 0 . 22d ( l  + O . OOO ld) -1/2 0 . 20d 
B 0 . 16d ( l  + O . OOOld) -1/2 0 . 12d 
c O . lld (l + O . O O O ld) -1/2 0 . 08d ( l  + 0 . 0002d) -l/2 

D 0 . 0 8d ( l  + O . OOOld) -1/2 0 . 0 6d (l + O . O O lSd) - 1/2 

E 0 . 06d ( l  + O . OOOld) -1/2 0 . 0 3d ( l  + 0 . 0003d) -l 

F 0 . 0 4d (l + O . OOOld) -1/2 0 . 0 16d ( l  + 0 . 0003d) -l 

ClG .  A. Br igg s ,  Air Resources Atmospher ic Turbulence and Diffusion 
Laboratory, Nat ional Oceanic and Atmospher ic Admin istration ,  Oak Ri dge , 
Tennessee . 

b.rhe quantity d is the downwind distance in meter s .  

In calculations performed for the transpor tation- impact analysis , a d is
tr ibuted source of finite size was represented by an upwind vi rtual point 
source that produced a plume with d imensions matching the assumed height of 
the distr ibuted source (see Figure G-2) . To match these dimensions , the 
d istance to the virtual source was calculated by simultaneous ly solving two 
equat ions : 

az • 0 . 0 16d ( l  + 0 . 0003d) -l 
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The first equation defines  the distr ibuted-source heigh t ,  and the second de
fines the standard deviation of the vertical d istr ibution coefficient for type 
F stability as indicated above . The resultant equation for the distance be
tween the virtual source and the d istr ibuted source is 

d C l + 0 . 0 0 0 3d ) -l = 14 . SH 

The value of d is the vi rtual source distance for a source of he ight H .  Once 
the distance of the virtual  source from the actual distr ibuted source is cal
culated , the d istance used in the d iffusion equations is the sum of the d is
tances x and d in Figure G-2 .  

The Rupp model for momentum-dominated plume r ise is used . The Rupp equa
tion for momentum-dominated plumes is 

where 

�h = 

v = 

d = 

u = 

� h  = 1 .  Svd/u 

plume r ise Cm) 
e ffluent stack-gas veloc ity Cm/sec )  
inside stack diameter Cm) 
wind speed Cm/sec )  

A s  the plume extends i n  size , some o f  the par ticles it contains will be 
deposited on the ground or on water sur faces by dry deposi tion or by scaveng
ing . Dry depos ition is a process by which par t icles are removed from the 
plume at the ground sur face by impingement , electrostatic attraction ,  or chem
ical interaction �ith the ground cover or ground sur face . The rate of dry 
depos ition is determined by the following equation :  

Virtual point 

0.5H 

I· d 

F igure G-2. 

Distributed 

/ ...... . , .. , .. . 

-1� x 

V irtual point source. 
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where 

Ra = sur face-depos ition rate {pC i/crn2- sec ) 
Va = depos i t ion ve loc ity ( cm/sec ) 

X = ground-level concentrat ion in air  { pC i/cm3 ) 

Ra in or snow scavenges par t icles in a plume by deposit ing them on the 
ground . The rate of scaveng ing depos it ion is def i ned by 

whe re 

Rs = 

L = 

ii> = 

X va = 

Rs = Li/>Xva 

sur face-depos i t ion rate { pC i/cm2-sec ) 
lid he ight { cm) 
scaveng ing coe ffic ient { sec-1 ) 
average concentration in ver t ical column up to lid he ight 
( pC i/cm3) 

The AIRDOS- I I  code accounts for the effect of these deplet ion processes by 
calculating a reduced release rate { sour ce term) at each downwind d istance and 
by using th is reduced re lea se rate in place of the input source te rm . I t  also 
accounts for depletion by rad i onuc lide decay . 

Often throughout a typ ical year , a stable a i r  mass will res ide above an 
unstable one . Th is cond it ion ,  commonly refer red to as an atmospher ic inver
s ion , produces a ce iling , or lid,  above wh ich a plume will not disper se . 
Consequent ly , above the lid altitude no vertical d isper sion w i ll occur . 
AIRDOS- II accounts for the inc rease in ground-level concentra t ion by allowing 
the user to input an inversion- lid altitude . The ave rage concentration of 
par t iculate s is ad j u sted by means of th is  input parameter as is the sur face-
depos i  t i  on ra te . 

For re leases from the WIPP , atmospher ic-d ilut ion factors { X/Q va lues) we re 
calcula ted by another code . Consequently , it  was not nece ssary to use the 
CONCEN sub routine . CONCEN wa s c ircumvented by wr it ing COMPAG , wh ich is a 
s ub routine that a llows the d i r ect input of concentrations into DOSE. 

Calculations were also per formed for re lea ses of radioac tive mater ial from 
the WIPP dur ing acc i dents in order to de termine the resultant dose to a maxi
mally exposed ind ividual at the site boundar y .  As discussed ear lier , the 
input was mod i f i ed to accommodate an instantaneous release . To max imize the 
s i te-boundary dose , it was assumed tha t the mixing depth wa s limi ted by the 
wor st-ca se lid he ight and that the ind ividual exposed rema ins at the s i te 
boundary for the du ration of the passag e of the plume . An elevated release 
{momentum-domi na ted) based on the vent i lation-system de s ign wa s  used for these 
calculations . The site-boundary X/Q va lue used in the calculat ions i s  the 
e levated equ ivalent of the 5% g round- level 1-hour-du rat ion X /Q value at the 
boundar y .  In order to calculate the maximum si te-boundary dose that could 
result f rom acc idents , the a tmospher ic d isper sion was l imi ted to a s ingle w ind 
d irec t ion under cla ss F cond itions with a wind speed of 2 mete r s  per second . 
These cond i t i ons very near ly approximate the 5% X/Q value at 5 kilome ter s  from 
the point of re lease . 
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G . 3  DOSE ROUTINE 

The dose routine calculates the radiation dose del ivered to people through 
several major pathways . It considers internal exposure resulting from the 
i nhalation and ingestion of radionuclides and external exposure resulting from 
irraner sion in air , irraner sion in water , and stand ing on contaminated surfaces . 
The dose from the inhalation of radionuclides is estimated from the following 
equation : 

where 

Dinh 
x 

Br 

1 . 0  x 
C ing 
lo -

8760 

= inhalation dose ( rem/yr)  
= ground-level concentration of  the rad ionuclide in  air  ( pCi/cm3 ) 
= breathing rate (cm3/hr ) 
= dose-conver sion factor for inhalation (rem/µCi ) 
= µCi/pC i  
= hr/yr 

The only parameter that is calculated by the code is the ground-level concen
tration ;  the other values are user inputs . The analyses of normal and acci
dental releases were per formed with the same dose routine but different user 
inputs .  

The dose from ingestion is calculated by using the terrestr ial model of 
Booth et al . ( 19 7 1 ) . The code considers radionuclide intake only through the 
ingest ion of vegetables , bee f , and milk . It  takes into account both radio
nuclides deposited on the sur faces of vegetables and those absorbed through 
the root system; i� does the same for grass in the beef- and milk-intake 
pathways .  General agr icultural and demog raphic information must be input by 
the user for ingestion-dose calculations . 

External doses f rom garrana radiation emi tted by the rad ionuclides in the 
plume are calculated as follows : 

where 

i . o  x lo-6 

8760 

= air- irraner sion dose ( rem/yr) 
= ground-level concentration of the radionuclide in air  ( pCi/cm3 ) 
= dose-conver s ion factor for irranersion in an infinite cloud 

( rem-cm3 /µCi-hr ) 
= µ.Ci/pCi 
= hr/yr 

Once again ,  the code used calculated concentrations and user- input dose
conver sion fac tors .  

A similar treatment is used for estimating . doses that result from irraner
sion in water on wh ich rad ionuclides have been allowed to depos i t .  This is 
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seldom a significant exposure pathway , but the dose contr ibution is calculated 
from the equation 

where 

= ( 1 . 0 x 10-6 ) ( 8760 ) 
R

t 
d 

1 - exp (-.\
T

t) 

T 

Dwimm = water- immer sion dose (rem/yr) 

( 36 0 0 ) ( 24 ) C  . w1mm 

Rt = sur face-depos ition rate (pC i/cm2-sec) 
d = depth of water (cm) 

AT = radioactive-decay constant + environmental-decay constant for 
water ( day- 1) 

t = time allotted for bu ildup in water ( days) 
Cwimm = dose-convers ion factor for immer sion in a body of water of 

infin ite dimensions ( rem-cm3/µCi-hr)  
1 . 0  x 10-6 = µCi/pCi 

8760 = hr/yr 
3600 = sec/hr 

24 = hr/day 

As can be seen in the equation ,  a shallow body of water makes a more sign ifi
cant contr ibution to the resultant dose than does a deep body of wa ter . The 
depos i tion rate is calculated by the code : the other parameters are input.  

The final pathway--exposure resul ting f rom standing on a contaminated 
sur face-- is evaluated by using the following equation : 

where 

0
sur f 

6 1 - exp (-..\ t)  
= ( 1 . 0  x 10

-
) ( 8760 ) R

t 
T 

T 
( 3600 ) ( 2 4 ) C  

f sur 

Dsurf = dose from sur face exposure (rem/yr ) 
Rt = sur face-depos ition rate (pC i/cm2-sec ) 
AT = rad ioactive-decay constant + environmental-decay 

constant ( day-1) 
t = t ime allotted for sur f ace bu ildup ( days )  

Csurf = dose-convers ion factor for sur face exposure to an 
infinite plane at a point 1 m above the ground ( rem-cm2/µCi-hr )  

1 . 0  x lo-6 = µCi/pCi 
8760 = hr/yr 
3600 = sec/hr 

24 = hr/day 

The expression 

1 - exp (-,\Tt) 
( 36 00 )  ( 24 )  

T 
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represents the sur face concentration after time t in days .  The value of t used 
in analyses for the WIPP was a conservative 15 years .  The deposition rate is 
calculated by the code , and the other parameters are input by the user . 

G . 4  INPUT DATA 

Input data for the WIPP analyses per formed with AIRDOS-II  were obta ined 
f rom published doclDllents and interviews with county agents . These sources are 
listed by category in Table G- 2 .  
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Table G- 2 .  Sources of Input Data for the Analyses 

Category Source 

Meteorological data 
Scavenging coefficients 

Physical and d imensional data 

Radiolog ical data 
Decay constants 
Biological decay constants 

Dose-conversion fac tors 
External exposure 
Internal exposure 

B iological data 

Living patterns 
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Appendix H ,  Section H . 4  
Moore , 1977 
NCRP , 197 5 

Chapter 8 and the WIPP conceptual 
design (as of December 197 8 )  

Lederer , 1967 
Ng et al . ,  1968 
NRC , 197 7a 
Killough et al . ,  1976 
Moore ,  1977 
NRC , 1977a 

NRC , 1977b 
Wolfe et al . ,  1977 
Killough et al . ,  1976 
Ng et al . ,  1968 
D iscussions with 

Lea County Agent , R .  Henard , 
January 25 , 197 8 , and 
January 18 , 1979 

Eddy County A�ent , D.  Liesner , 
January 26 , 1978 , and 
January 19 , 1979 

NRC , 1977b 
Discuss ions with 

Lea County Agent , R. Henard , 
January 25 , 1978 , and 
January 18 , 1979 

Eddy County Agent , D .  Liesner , 
January 26 , 197 8 ,  and 
January 19 , 1979 
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Append ix H 

DESCRIPTION OF THE LOS MEDANOS S ITE 

H . l  SCENIC , HI STORIC ,  AND CULTURAL RESOURCES 

H . 1 . 1  General Al?J?earance 

The Los Medanos site *  in Eddy County , New Mexico, is covered with vege
tation charac ter istic of semiar id climates . The land is used for ranch ing , 
and cattle are often to be seen . Ranch build ings  are mi les apar t 1  in between 
there are a few windmills , several stock-water ing tanks ,  and an occasional 
dr illing r ig .  There are many roads in the area , the better ones surfaced with 
ca liche , the poorer ones often little more than tracks in the sand . The most 
noticeable man-made features are the potash mines and processing plants , the 
latter with large bu ildings  and stacks .  The ir emissions of ten create a haze 
heavy enough locally to block the view of the mounta ins 40 to 60 miles to the 
west.  

The overall scenic quality of  the study area wa s evaluated in  Apr il 1975 
by the Bureau of Land Management (BLM) for an environmental analysis related 
to potash leasing (BLM , 197 5 ) .  The Bureau has a standard quality-evaluation 
scor ing system that takes into account landform ,  color , water , vegetation ,  
uniqueness , and intrusion s .  On a scale of 1 to 24 , with 24  high , the scores 
from 16 observation points about the study area averaged 8 . 3  + 2 . 9 .  (The same 
BUoi scor ing system appli ed to the center of the WIPP site r�sulted in a score 
of 8 . )  Only one of the 16 observation points rece ived a rating as h igh as 15 1 
it wa s  a view from New Mexico highway 31 of a salt lake in the lower end of 
Nash Draw .  Th is observation point i s  1 3  miles west- southwest o f  the s i te.  

H .  l .  2 History 

The State of New Mexico has an extensive history of Span ish exploration 
and settlement,  dating from the reconna issance of Marcos de Niza in 1539 , 
wh ich wa s  spar ked by repor ts brought to Mexico by Cabeza de Vaca ,  te lling of 
enormous wealth in the land to the north . De Vaca h imself probably passed 
through New Mexico near present-day Car lsbad in 1534  or 1535 . However , most 
Span ish exploration and settlement took place in the Rio Grande valley to the 
we st .  The next entry of Span iards into southeastern New Mexico was in 158 3 ,  
when an exped i tion led by Antonio de Espejo traveled down the Pecos River on 
the way back from the nor th .  In 1590 , an exped it ion led by Gaspar Castano de 
Sosa traveled north up the Pecos to the vi llage of Pecos and then turned west 
to the Rio Grande . 

For almost three centur ies after de Sosa passed through the area , there 
were only two sign i ficant recorded entr ies by wh i te men . The first was in 
177 5 , when Commandant-General Hugh O ' Conor conducted mi litary campaigns 

*In this appendix the terms " Los Medanos site " and "WIPP site" are 
synonymous . 
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aga inst the Apaches in the Pecos Valley . The second occurred in 1854 , when 
Brevet Captain John Pope conduc ted a survey of a poss ible rou te for a ra i lroad 
to the Pac ific through southern New Mex ico .  

H . 1 . 3  Reg istered H istor ic S i tes 

The WI PP site conta ins no sites li sted by the Nat ional or the State Reg
ister of H istor ic S i tes . There are ,  however , h istor ic s i tes in the v ic in ity 
of the site . Nine mi les sou th-southwest is the Proj ec t  Gnome site , wh ich is 
presently undergoi ng the nomi nation procedu r e .  It was the s i te o f  the f i r st 
underground nuc lear detonat ion (December 196 1 )  of the Plowshare program, the 
AEI:: ' s  prog ram of search for nonm i l i tary uses of nuclear explos ions . North of 
the site two areas beli eved to be of Nat ional Reg iste r  quali ty are also under
goi ng the nomination procedure : Laguna Plata , 15 miles nor th , and Maroon 
Cli ffs , 11 . 5  miles nor thwe st of the center of the s ite . Another site be ing 
nomi nated is Pope ' s  We lls , near the S ta te line 20 to 26 miles to the south . 

Nearby sites now on the Sta te Reg ister inc lude Rattlesnake Draw, Monument 
Spr ing s ,  the Lu sk Ranch , and Boot H i ll ( l isted as the Red Tank Ar chaeolog ical 
S ite ) , all on pr ivate land . Rattlesnake Draw is  sa id to conta in the best 
stratig raph ic sequences found to da te in southeastern New Mexico. Monument 
Spr ing s  consists of pit-house ru ins and a large midden . The Lusk Ranch is the 
s i te of a marranoth-b i son k i ll dating f rom 9000  B . C .  Boot Hi ll dates from A . D .  
900-1300 and conta ins a ser ies of Jornada Mogollon pit house s .  

Table H-1 l ists the s i tes on the S ta te Reg ister o f  Cultural Properties 
that are wit h in 30  mi les of the WIPP site i these site s are recorded in the 
office of the S ta te H istor ic Preservation Off icer . Table H-2 l ists s imi lar 
sites ident if i ed in a survey of h is tor ic eng i neer ing site s .  Most of the lat
ter have not been evaluated for reg istration purposes . 

H . 1 . 4  Sett lement 

Abor ig inally , the study area wa s inhabited by wander ing bands of Amer ican 
I nd ians , predomi nantly Lipan Apaches . Occas ional par ties of Mescalero 
Apache s ,  Comanche s ,  and Kiowa s probably crossed the area on hunt ing or raid ing 
forays . With the coming of the cattlemen , there were occas ional encounter s 
between wh ite men and Ind ians , but these were infrequent ,  and by the 1880 s  
I nd ians were no longer a s ign if icant presence i n  the Pecos area . Today the 
nearest group of Ind ians is the Mescalero Apaches 100 mi les to the nor thwe st .  

Ownersh ip o f  New Mex ico changed f rom Spa in to the Repub l ic of Mex ico i n  
1821 and from Mexico to the Un ited Sta te s  in 1848 . Sou theaste r n  New Mex ico 
played no part i n  these changes other than be ing a small portion of large 
tracts of land chang i ng hand s .  

It  wa s  the coming of the cattlemen , led by Charles Goodn ight and Oliver 
Loving in 1866 , that star ted the mode rn development of southea stern New Mex
ico . When the Army and the Ind ian Bureau called for b id s  to furnish beef 
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Table H-1 .  S ites on the State Reg ister o f  Cultura l Properties Within 30 Miles  
of  the WI PP S ite 

Distance 
Li sting Name (miles) 

007 Car lsbad Rec lamation Proj ec t ,  Car lsbada , b  25 
280  Eddy & Bi ssell Livestock Company 

headquarters , Car lsbad 25 
208 F.ddy National Bank , Car lsbada 25  
472 Hagerman House ,  Car lsbad 25 
557 Lake Avalon , 4 mi les nor th of Car lsbad 28 
1 59 Lusk Ranch si te , 20 miles east and 12 miles 

nor th of Car lsbad 15 
474 Phen ix Adobe,  Car lsbad 25 
240 Pope ' s  Wells Site , 8 mi les east of the 

con fluence of the Delaware and Pecos Rivers 24 
567 Or ig inal  pota sh bullwheel ,  10 mi les southeast 

of Car lsbad 19 
168 Red Tank Archaeolog ical Site (BOot Hill) , 

5 mi les nor th and 7 mi les west of Malj amar 39c 

167 Ra ttlesnake Draw S i te ,  12 miles west and 
3 mi les south of Buckeye 28 

16 2 Monument Spr ing s Site , 4 mi les west of Monument 32c 

aListed on the Nat ional Reg i s ter of Histor ic Places . 
�ational Histor ic Landmar k .  
crnc luded in table because mentioned in text.  

Direct ion 
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w 
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N 
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N 

N 
NE 

for the Nava j os and Mescalero Apaches who had been forced onto a reservat ion 
at For t Sumner , New Mexico , local ranchers  and farmer s could not meet the 
demand. Goodn ight and Loving drove a mixed herd of Texas cattle across the 
southern par t of the Llano Estacada and up the Pecos River to For t  Sumner . In 
the next year John S impson Ch isum fo llowed the Goodn ight-Loving tra il with 
another herd . When the contrac tor s would not accept cows with calve s ,  Ch isum 
placed these unacceptable cattle on the range south of Fort Sumner . Event
ually , with the add it ion of unacceptable cattle from subsequent dr ive s ,  Ch isum 
had cattle g razing along the Pecos River all the way to the Texas border . 
Trad ing posts cater ing to the need s of the cowboys we re established , and set
tlement of southea stern New Mex ico was begun . One such trad ing post was lo
cated near the pre sent-day town of Malaga , south of car lsbad . 

In 1888 , another cattleman, Char les Bishop Eddy , founded the Pecos Valley 
Land and Ditch Company to build irr igation ditches and canals . Car lsbad wa s 
founded in 1889 as the town of Eddy . 

The twentieth century in southeastern New Mexico has seen the developmen t 
of other industr ies . The Hammond well , and later the Brown we ll ,  produced oil 
near Artesia in 1909 ; oil and ga s developmen t star ted in earnest in Lea County 
and adj acent Texas in 19 3 4 .  Oil dr illing led to the d iscovery of potash in 
1925 , and the commerc ial exploitation of these resources began in 19 3 1 .  Min
ing is now the pr inc ipal indu stry of Eddy County . 
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Table H-2 .  Site s Identified by the Sta te His tor ic Eng ineer ing S ite s Survey 
With in  30 Miles of the WI PP S i te 

L ist ing Name 

350 10 Lak e  Avalon (CRP) a-c 

3 5039  Car l sbad Water Wor ks 
. 35 151 Car lsbad Irr igat ion Distr ir.t 

Flumea , d  

3 5 155 Car lsbad Mun ic ipal Build ing 
35287  Un i ted Salt Supply 
35365  Pecos River Ra ilroad Br idge 
35421 Salt Draw Br i dge 
35447  Six Mile Dam 
35462 Tan s i ll Dam 
3 5 5 15 Judk ins Mi ll 
3 5539 Ha rroun Dam 
3 5 4 4 1  Pecos River Ra ilroad Br idg e ,  

Car lsbad 
3 5 6 17 Southern Ma in Canale 
3 5 6 18 East Canale 
35677  Black River Canale 

aLis ted on the Sta te Reg iste r . 
bNat ional Histor ic Landmar k .  

Date 

189 1  
19 20 
1903 

1955 
19 37 
ca . 1900 
19 32 
1920 
1888 
1900 
19 30 
19 40 

1906 
1906 
ca . 189 0  

Cpar t of the Carlsbad Rec lamat ion Proj ec t . 

Dis tance 
f rom WI PP 

s i te ( miles)  

28 
25 
25 

25 

36 
19 
19 
25 

16 
25 

25 
25 
17 

dLis ted on the Nat ional Reg iste r  of Histor ic Places . 

H. 1 . 5  Ar chaeology 
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Little archaeolog ical research has been done in southeaste rn New Mex ico . 
Intere st has instead tended to focus on areas to the north and west , partly 
because of the more spec tacular ru ins there--such as Chaco Canyon and Mesa 
Verde--and partly b ecause of the poss ibi l ity of relat ing these ruins to the 
present Pueblo Ind ians . These northern areas were felt to be the major cul
tural center s ,  wher eas southea stern New Mex ico has been rega rded as a less 
fr uitful area for invest igation than areas to the north and we st . More re
cently,  however , the marginal natu re of the southeastern envi ronment has been 
recognized as offer ing oppor tun it ies for stud ies on the re lationship between 
environment and cultu r e .  

Stud ies by Mera (1943 ) , Lehmer ( 19 48 ) , and Jel i ne k  ( 1967 )  are the three 
bas ic sources of information on the ar chaeology of southeas tern New Mex ico . 
Lehmer synthesized the k nowledge of the archaeology of the area and incor 
porated Hera ' s  data to de f ine what he ca lled the Jornada branch of Mogo llon 
culture . Th is did not inc lude the mor e easte r ly por t ions of southern New 
Mex ico or the area of the WI PP s i te .  Je linek conduc ted a survey of the Pecos 
Valley north of Roswe ll . The ear liest phase he identif ied , his " Ear ly 18 
Mile" (A . O .  8 00 to 9 00 ) , was g enerally s imi lar to late Archa ic .  The area 
appears to have been abandoned for some time afte r  the mid-14 th century . The 

H-4 



stud ies of Lehmer and Jelinek and late r field observations in Lea and Eddy 
Counties have led to the extension of the boundar ies of Lehmer ' s  Jornada 
Mogollon to include the rest of southeaste rn New Mex ico. 

S i tes in  southeas tern New Mexico are generally classified as  Paleo- Ind i an 
( before 500 B . C . ) ,  Archa ic ( 50 0  B . C .  to A . D .  9 50 ) , Jornada Mogollon (A . D .  9 50 
to 1400 ) , or H istor ic ( si nce A . D .  1400 ) . The Jornada Mogollon , be ing particu
lar ly r ich in sites and in pottery types , has been subdiv ided by severa l au
thor s (Figure H-1 ) . Lehmer ' s  cla s s i f ication , as the names he u s ed imply , was 
based on wor k considerably to the we st of the site area 7 Jelinek ' s ,  on wor k on 
the middle Pecos River valley to the north of the s i te .  Car ley ' s  classifica
tion ( 1965 ) is based on wor k nearer the s i te . Cor ley , in fac t ,  saw the Jornada 
Mogollon as having three regional var iants : Lehmer ' s  north and south,  and h is 
own eastern var ian t .  

Var iou s g roups of exper t amateur s , espec ially the Le a  County Archaeolog i
cal Soc iety , have been ac t ive in the excavat ion , survey , and pub lication of 
the archaeolog ical values of southeaste rn New Mexico. Contract archaeolog ical 
firms have also been ac tive in the Car lsbad Potash Distr ict immediately west 
and nor th of the WIPP study area . 

A Bureau of Land Management study (BLM, 197 5 ,  p. II-25 4 )  has est imated the 
density of ar chaeolog ical s i tes in the potash area s ,  using data gathered by 
the Eastern New Mexico Un iversity ( ENMU )  on a survey to the nor th and proj ec
tions made by Schaa f sma ( 1 9 7 5 )  from s imi lar areas elsewhere in New Mex ico . It  
conc luded that the " s ite densities  with in the pota sh basin  may be  expec ted to 
range between 12 and 15 s i tes per square mi l e .  The ma j or ity of s i tes w i ll be 
located in dunes ,  on cli ffs , in close prox imity to playas ,  or a comb ina tion of 
these . The ma j or ity of s i tes w i ll be of the Archa ic and Jorrtada Mogollon t ime 
per iod s ,  with pithou ses and sur face str uc tures not uncommon . "  Earlier , the 
Bu reau , drawing on Schaa fsma ( 1975 ) , ind icated that , at a dens ity of 12 s i te s  
per square mi l e ,  one site wou ld b e  Paleo- Ind ian , ten would b e  Archa ic , and one 
would be Jornada Mogollon .  The Bu reau ' s  own partial survey i nd icated more 
Jor nada Mogollon than Archa ic site s , with the reason for the d iscrepancy un
k nown , though possibly " a  result of repor ting biases . "  

Preh istor ic dwe lli ng s  are rare in southeastern New Mex ico. Until  recently , 
the k nown dwe l ling s  nearest to the WI PP s i te were those at Maroon C l i f f s ,  11 . 5  
mi les nor thwest . The presence of pit houses has not been confi rmed there , but 
year-rou nd occupation is suggested by a deep midden r ecently excavated by the 
ENMU .  The Lea County Archaeolog ical Soc iety repor ted pit hou ses at Laguna 
Plata , 15 miles north,  though J .  L .  Haskell ( ENMU ,  per sonal communication ,  
1977 ) questions it s conc lusions . The nearest confi rmed pit houses are a t  the 
Mar chant s i te ( southwe st of Hobbs and about 18 miles ea st of the s i te ) , exca
vated by the Lea County Archaeolog ical Soc iety in the 1960s  ( Le s li e ,  1965 ) . 

In the surraner of 1 9 76 , the ENMU surveyed the cen tral 4 square mi les of the 
WI PP site , inc luding all of control zones I and II ( s i te s  ENM 10 201 through 
ENM 10 246 in F igure H-2 ) . They found 64 i solated artifact s i tes and 33 archae
ological sites ( three ou tsi de the 4 square mi les) . The latter were ta ken to 
be localities that had been used and occupied by preh istor ic man .  One such 
site , with a metate , is shown in Figure H-3 .  

The number of ar chaeolog ical s i tes cor responds to an average n e:· s i ty of 
7 . 5 per square mi le , signif icantly fewe r than the Bureau of Land M agemen t 
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Figure H-1 . Classification of archaeological sites according to various 
authorities. 

had inferred f rom ear lier survey s .  The ENMU cla ssified the 33 s i te s  according 
to a scale defined by the School of Amer ican Research : Task Locus , Spec ial 
Ac t ivity Zone , Limited Base , Home Base,  Central Base,  and Occupation Zone . 
By th is scale , twenty-seven of the sites ( inc luding the one shown in Figure 
H-3 )  are Task Locu ses and the rema ining s ix are Spec ial Act ivity zone s .  No 
pit hou se s ,  permanent struc tures ,  or other ind ications of heavy use were found 
at that t ime . (As ind icated below , some have been found s i nce . )  

The main conclusion s  of the ENMU at that time were as follows (Nielsen , 
1976 ' p .  23 ) : 

Cultura l resources are remarkably uniform across the area . 
Groundstone consists of wedge-shaped manos , and oval-shaped me
ta tes .  Although few in number , potsherds belong to the El Paso 
Brown , Jornada Brown , and Chupadero Black-on-Wh i te types ,  wh ich 
date between A . O .  900-1300 . The se re sources are tied to the 
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Figu re H-3. Overview of an archaeological site looking toward the east (top) 
and oval bas in  metate ( bottom) .  
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Jornada Branch of the Mogollon . Of the seven proj ec tile points 
found , one was f rom the Archa ic per iod ( 4 000 B . C .  to A . O .  500 ) . 
The others  were probably of Jornada Mogollon author sh ip .  • • . 
Hearths were of ten noted , with the ir  presence be ing i nd icated 
e ither by a dar k  sta in in the so il , or by a scatter of burned 
caliche or sand stone . 

It is beli eved that the area wa s occup ied seasonally by 
hunting/gather ing bands . The pr ime resources are acorns , mes
quite beans ,  rabb it ,  and deer . Owing to the relatively large 
number of g round stone f ragments , it seems likely that these 
acorns  and mesquite beans were probably pr imary resources of 
these people .  

As a re sult o f  these surveys , and at the instance o f  Thomas s .  Mer lan , 
State H i stor ic Preservation Officer , the WI PP s i te has been declared e lig ible 
for nomi nation as an archaeolog ical distr ict (Append ix I) because the 33 sites 
loca ted in the fir st ar chaeolog ical survey , when tak en together , are con
sidered likely to y ield significant information on preh istor ic occupat ion . 
Subsequent surveys have turned up two preh istor ic str uctu res , thus add ing to 
intere st in the area . These str uctures are descr ibed below. 

Continued s i te inve stigation has so far (June 1980 ) requi red bui ld ing 
about 30 miles of new road , dr illing 56 holes or hole complexes , installing a 
meteorolog ical tower , running 156 miles of off-road se ismic line s ,  and mak ing 
about 9000  off-road resistiv ity mea surements . Much of this wor k wa s  outside 
the or ig inal 4 square miles surveyed in 1976 and requi red ar chaeolog ical clear
ance . In add it ion ,  surveys we re made of the r ights-of-way fo� the two access 
roads and for the ra il road . In the proce ss ,  15 new s i tes were d iscover ed , 
e ight of them Spec ial Activ ity Areas . Also found were two struc ture s and one 
possible str ucture . 

On the other hand , in the areas where the new surveys over lapped the or ig
i nal one , e ight of the previous s i tes could no longer be found . In mid-1978 , 
a survey was made for a se ismic line along the nor thern edge of the or ig inal 
4 square mile s .  Schermer ( 1978 , pp . 17-18 ) repor ts that " th ree previously de
scr ibed site s l i e  along th is cor r idor • • . • Of these site s ,  ENM 10 222 and 
ENM 10 239 were not encoun tered dur ing th is survey although the a r eas  in wh ich 
they are supposedly located were surveyed . These areas have been prev iously 
impac ted , and the s i tes may have been destroyed. "  On the r ight-of-way for the 
sou th access road , six site s (ENM 10 20 6 , ENM 10 207 , ENM 10 208 , ENM 10 209 , ENM 
10 211 , and ENM 10 2 12 )  could no longer be found . Of them , MacLennan and Scher
mer ( 1979 , pp . 6-7 )  say that " dur ing both the August , 1978 , se ismic survey 
( Schermer , 1978 )  and th is r econna issance , these s i te s  could not be relocated . 
Due to the extremely low ar tifac t density with in these sites and to the exten
s ive ac t iv ity in th is area , ACA the Agency for Conservation Archaeology of 
ENMU feels that these sites either do not exist or are not identifiable . " 

The fi r st of the three str uctu res wa s  found on an extension of a s i te 
ident i f i ed ear li er ou ts ide the or ig inal 4 square miles ( Schermer , 1978 , pp .  
13-14 ) . H i s  descr iption o f  the s i te i s  as follows : 

ENM 10230 is a mass ive site wh ich follows the southwe st face 
of a r i dge for more than 1/4 mile . The s i te is shaped roughly 
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li ke a boot • • • • The r idge top and area inunediately sur
rounding the s i te are occupied by moderately large dunes ( up  to 
3 m high) . The major ity of the site area is covered by a dense 
lithic and ceramic scatter with evidence of numerous hearth s .  
Lith ic mater ials inc lude pr imary and secondary decor t ication 
flakes , bifaces , utiliz ed flakes , and numerous ground stone 
fragments . Ceramics include Jornado Brown , Car lsbad Brown , 
Chupadero Black-on-Wh i te ,  and an unidentified red-on-brown ware . 

The IOC>st impor tant add ition to the descr iption of this site 
is the location of at least one room block . The room block is 
an L-shaped sandstone foundat ion wh ich measures 8 . 5  x 7 . 6 mete r s .  
The s tr ucture consists o f  at least four rooms • • • • The foun
dation is located five to eight ft below the crest of the r idge 
and on the southwest face . In add ition to th is str uc ture,  two 
more poss ible struc tures were located further north .  These 
areas con ta in rectangular concentrations of small fragments of 
caliche , approximately 3 to 5 m square . Concentrations of cali 
che as descr ibed above also occur a t  ENM 10229 and ENM 10407 . 

The second of these str uc tures ( ENM  10408 ) is in a newly discovered site 
we ll outside the or iginal 4 square miles . Of it , Schermer ( 1978 , p. 16 ) says 
on ly that " the site consists of a rec tilinear concentration of caliche wh ich 
aFPears to be the remai ns of a three to four room j acal str ucture . The str uc
ture appears to have measured 3 x 5 meters . Several metate fragments occur in 
the surrounding area . " 

Fina lly , another poss ible struc ture was repor ted in the southeast corner 
of Section 17 , j u st outside the or iginal 4 square miles ( Schermer 1978 , p. 
18 ) .  However , it has since been established that th is site is a modern camp
site established by field workers for the WI PP biology prog ram. 

Areas not yet surveyed archaeolog ically include most of control zones I I I  
and I V  as well a s  the r ights-of-way for the electr ic-power line from the 
nor thwest and for the water line to the nor th of U. S .  Highway 6 2/180 . 

In surranary , the area of the WIPP s i te seems to have been lightly but per
vasively used by pre-Western man . I t  is not un ique but is much like its sur
rounding s .  Indeed , the number o f  s i tes so far found is considerably smaller 
than would be inferred from the Bureau of Land Management estimate s .  I t  is 
pr i nc ipally of interest archaeolog ically for the light it might shed on how 
man can live in a marg inal env ironment.  



H.  2 POPULATION 

H . 2 . 1  Population Trends and D i str ibution 

In 1 9 12 ,  when New Mexico became a state , Eddy County conta ined approxi
mately 9600 people.  Between 1 9 20 and 1930 the population g r ew to 15 , 84 2 .  
After the sta r t  of pota sh mi n ing i n  1931 , the population increased aga in 
( 24 , 311 per sons in 1940 )  and continued to g row from 1940 to 1960 , pr inc ipally 
becau se of the mi n ing operations . By 1960 the population had reached 50 , 78 3  
( BBER ,  1962 ) . Af ter 1960 the potash indu stry i n  the area became severely de
pre ssed , and the population dropped to 4 1 , 1 19 by 197 0 .  Since 1970  the econ
omy of the area has improved , and the population has again i ncreased .  The 
1979 population est imate compiled for th is repor t shows that Eddy County had 
48 , 200 i nhab i tants , an i ncrease of approximate ly 7 100 people over the 1970 
Census figure . Since 1931 the population has fluctuated basically with ac t iv
ity in the potash-mining i ndu stry.  The county conta ins four mun icipalitie s :  
Artesia ,  Car lsbad , Loving , and Hope . Car lsbad , the largest , had an est imated 
28 , 600 i nhab i tants in mid-1979 , up from the 25 , 541 in  1960 and 21 , 2 97 in 1970  
(Table H-3 )  • 

Lea County was or gan ized in 1917 from par ts of Chaves and Eddy Cour, t ies 
and had 3545 resi dents in 1920 . Oil exploration, begun in southea stern New 
Mexico in 1924 , brought substantial growth : by 1930 the populat ion had in
creased to 6 144 and by 1940 had more than tr ipled to 21 , 154 . Continued growt h 
ra ised the population to 53 , 4 29  in  1960 (BBER , 196 2 ) . Between 1960 and 1970 
Lea County su sta i ned a populat ion decrease of approx imately 7 .3% , owing ma j nly 
to decreased oil and gas exploration or production (USDC , 1970a) . After 1 9 7 0  
the population i ncreased f rom 49 , 554 to 57 , 500 in mid-1979 (Agcock , 1979 ) . 
Mos t  of the growth was re lated to increased ac tivity in the oil and ga s indus
try a f ter 1973 . Lea County has f ive mun ic ipa litie s :  Hobbs , Loving ton , Eun ice , 

Table H-3 .  Popu lation in Eddy and Lea Counties : 1960-1979 

Location Distance from sitea �miles)  Populat ion 
Air Road 1960° 1970° 

Eddy County NA NA 50 , 783 4 1 , 119 
Arte sia 47 64 12 , 0 00 10 , 3 15 
Car l sbad 26 33 25 , 541 21 , 297 
Loving 18 23 1 , 646 1 , 19 2  
Hope 61 80 108 90 

Lea County NA NA 53 , 4 2 9  49 , 55 4  
Eunice 35 49 3 , 531 2 , 6 41 
Hobbs 41 51 26 , 2 7 5  26 , 025  
Jal 37 47 4 , 133 3 , 241 
Loving ton 45  55 9 , 660  8 , 915  
Tatum 64 77 1 , 168 982 

aoistance rounded to the nearest mi le ; NA = not appli cable . 
bnata from USDC (197 0b) . 
cnata from Adcock (1979 ) .  

H- 11 

1979("' 

47 , 3 00 
10 ' 9  50 
28 , 600  

1 , 6 0 0  
1 9 0  

5 7  ' 500 
2 , 550  

32 , 600  
2 , 7 00 
9 , 50 0  

9 0 0  



Jal , and Tatum ( Table H-3 ) . Hobbs,  the largest incorporated place in the 
county , had an est imated 1979 population of 32 , 600 . 

Both counties are fa ir ly homogeneous rac ially and ethnically (Table H-4 ) , 
w ith a relatively small Span ish-or igin ethn ic g roup ( sta tewide average 
30 . 3 % ) . The Amer ican Ind ian population is also relatively low: 0 . 3 % ,  or 258  
i nd ividuals in 1970  ( sta tewi de average 7 . 2% )  ( USDC , 1970c ) . 

The age distr ibution of the population in the two-county area d iffer s 
s lightly between the counties , as well as between New Mexico as a whole and 
the Un ited State s .  I n  both F.ddy and Lea Counties the median age ( 2 7 . 2  and 
25 . 9 ,  respectively) is below that of the Un i ted Sta tes as a whole but s ign ifi
cantly above New Mexico ' s  med ian age of only 23 . 9  years in 197 0 .  The popula
tion of Car l sbad has a relatively low percentage in the less-than-20 age g roup 
and a relatively h igh percentage in the over-SO age group (39 . 4% and 26 . 7 % , 
respectively ) . The number of residents who are 65 or older is s ign i ficantly 
h igher in Car lsbad than the statewide average and the average for e ither F.ddy 
or Lea County . An act ive prog ram to attract reti rees is s u�or ted by the 
Car lsbad area . The med ian age in Hobbs ( 25 . 5  years)  is lower than that in 
Car lsbad ( 2 9 . 4  year s) (Table H-5 ) . 

Table H-4 .  Charac ter istics of the Population in F.ddy and 
Lea Countiesa 

Percentage of populationb 

Charac ter istic Eddy County Lea County 

Race 
Wh ite 97 . 1  93 . 7  
Black 2 . 2 5 . 3  
Other 0 . 7  1 . 1  
Span ish or igin or descent 25 . 4  10 . 9  

Residence 
Urban 76 . 9  8 1 . l 
Rural , non farm 18 . 1  15 . 1  
Rural , farm 5 . 0  3 . 8  

aoata from USDC (1970c)  • 

bpercentages may not add to 100 . 0 0 %  because of round ing 
error s .  

Net-population-migration figures ind icate significant changes dur ing the 
la st few years . In the 1960-70 per iod the two-county area was somewhat de
pressed becau se of reduced hydrocarbon exploration and potash mining . As a 
resul t ,  Eddy County exper i enced a net loss of more than 11 , 0 00 ind ividuals 
dur ing a 5-year per iod and Lea County a loss of approximately 5200  (USDC , 
1977 ) . Since the 1970 Census ,  however ,  there has been a sign i ficant change in 
the net migration trend , with both counties showing a reversal : F.ddy County 
rece ived a net mig ration ga in of 3700 dur ing 1970-79 and Lea County a net gain 
of 210 0 (Adcock , 1979 ) . 
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Table H-5 .  Percentage Age Distr ibution of Population ( 1970 Census) a 

Percentage age d istr ibution 
Un i ted New Eddy Lea 

Age State s Mexico County County Car lsbad Hobbs 

Under 5 8 . 5  9 . 5  8 . 2 9 . 0  8 . 2 9 . 4 
5-14 20 . 1  23 . 8  22 . 3  22 . 8  20 . 8  22 . 8  

15-19 9 . 4 10 . 4  10 . 9  10 . 7 10 . 4  10 . 5 
20-29 14 . 5 14 . 6  11 . 3  12 . 5  11 . 2  13 . 0  
30-39 11 . l  11 . 6  10 . 5 12 . 7  9 . 9  12 . 9  
40-49 11 . 8  11 . 0  12 . 0  13 . 4  12 . 6  12 . 9  
50- 59 10 . 4  8 . 9 11 . 3  9 . 9  12 . 1  9 . 6  
60-64 4 . 3  3 . 4  4 . 5  3 . 6  4 . 9  3 . 6  
6 5+ 9 . 9  6 . 9  8 . 8 5 . 4 9 . 7 5 . 3  

Med ian age 28 . l  23 . 9  27 . 2  25 . 9  29 . 4  25 . 5  

aoata from USDC (1970a) . 

Although net migration dur ing the last 9 years  has been posi t ive , major 
growth in the two counties has been caused by natural inc rease ( bi rths minus 
deaths) : about 3400  persons in Eddy County and 5800 persons in Lea County , or 
about 1 . 5  t imes the growth caused by in-mig ration (Adcock , 1979 ) . 

Population densit ies in the two counties are relative ly low but slightly 
h igher than the 1979 statewide average of about 10 . 1  per sons per square mile . 
The population density in Eddy County wa s  9 . 9  in 1970 and is now approximately 
11 . 6  per sons per square mile . The population density in Lea County was 11 . 3  
in 1970 and is now est imated at 13 . 1  per sons per square mi le . I t  should be 
noted that the dens ity f igures are somewhat m islead ing because most of the pop
ulation in Eddy County live in Car lsbad and Ar tesia .  In Lea County slightly 
fewer than 85%  of the total population live in four urban place s .  Thus , except 
for the six urban places ,  the two-county area is very spar se ly populated (USDC , 
1970b�  Adcock , 1979 ) . 

With in 10 miles of the site , there are curr ently 16 permanent residents 
and three commerc ial min ing operations (Figure H-4 ) with a total dayt ime em
ployment of about 650 persons and cons iderably smaller swing shifts and night 
sh ifts (Adcock , 1979 ) . 

Within 50 mi les of the site ( Figure H-5 )  there were more than 10 2 , 000  in
habi tants in 1979 (Table H-6 ) . The maj or populat ion centers  are listed in 
Table H-3 .  

Population projec tions to the year 20 10 are presented in Append ix M .  From 
1 980 to 20 10 Eddy County is proj ec ted to grow at a compound annual rate of 
1 . 7% and Car lsbad at an annual rate of just mor e  than 1 . 8% .  Lea County growth 
for the 30-year per iod is approximate ly 1 . 3% per year , and the p ro j ec ted 
annual growth rate for Hobbs is about 1 . 4 %  (Adcock , 1979 ) . 
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A Kerr-McGee plant and mine: 151  employees (maximum), day shift 

B International Minerals and Chemical Corporation :  450 employees (maximum), day shift 

C D uval Corporation (Nash Draw M ine) : 46 employees (maximum), day shift 

D James Ranch: six permanent residents (six seasonal part-time employees) 

E Sf!lith (Crawford) Ranch: •van permanent residents (18 .. sonal part-time) 

F Pue's Store: three permanent residents 

F igure H-4. Population with in  a 1 0-mi le radius of the site. 

Demograph ic changes 

Few demograph ic changes are expec ted within 10 mi les of the site in the 
foreseeable futu r e .  Intervi ews with ranch owners and managers ind icate tha t  
one ranch house i s  expec ted to b e  built i n  the next 5 years , at the Mobley 
ranch j u st south of NM 128 , approximate ly 8 miles wes t- southwe st of the cente r  
o f  the site ( Figure H-4 ) . 

One other demograph ic change may occur nor th-nor theast of the site , j ust 
ou ts i de the 10-mile rad ius . A small tra iler par k  (approxima tely 20 uni ts)  is  
being bu ilt in and around the commerc ial establishment now known as the Half
way Bar . Futu re plans for fur ther tra ile r-par k  development are repor ted to be 
par tially contingent on the constr uc tion of the WIPP (Adcock , 1979 ) . 

The population of workers at var ious mining operations in the 10-mile ra
d ius may vary f rom one per iod to another .  Dur ing 1960-19 7 0 , the employment 
level dropped sign ificantly because of a decreased demand for potash produced 
in the Car lsbad area . Pota sh production now appears to have stabilized ,  at 
lea st for the near futu r e .  Th is wor k force is  not expec ted to change s ignif
icantly in the next few years . 
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Figure H-5. Area covered by a 50-mile radius o f  the site. 

E 

20 Miles 

Maintenance workers  for oil and gas we lls are transients in the area . The 
number of ac tive oil and gas wells in Fildy County has been inc reasing dur ing 
the past f ew years ,  and there are many act ive we lls with i n  10 miles of the 
site . Al though the average number of workers in the area is not known , it is 
not expec ted to i ncrease s ign ificant ly dur ing the next few years .  

H . 2 . 2  Soc ial Characte r ist ics 

Employment str ucture and un ions 

In 1970  near ly 90% of the employed in Fildy County were wage and salary 
workers  ( 74% in the pr iva te sector , 16% in the government s ec tor ) , approxi-
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Table H-6 . 1979  Res i dent Popu lat ion Wi t h i n  50  M i les  of the S i te a , b  

Sec tor 0-5  

Nor th 0 
Nor th-nor thea st 0 
Northea st 0 
Ea st-nor theast 0 
Ea st 0 
East-southeast 0 
Sou thea st 0 
Sou th-southeast 0 
South 0 
Sou th-sou thwe st 6 
Sou thwe st 0 
West-sou thwest 0 
We st 0 
West-nor thwe st 0 
Northwe st 0 
Nor th-nor thwe st 0 

Rad i u s  total 6 

Cumulat ive total 6 

D i stance f rom s i te ( m i le s )  
5-10 10-20  2 0 - 3 0  3 0 - 4 0  4 0 - 5 0  

0 35 
0 25 
0 0 
0 15 
0 5 
0 5 
0 5 
0 0 
0 5 
0 5 
0 55 
0 1750 
0 70 

10 5 
0 30 
0 15 

10 20 25 

16 2 0 4 0  

25 
5 

25 
70 
15 
10 
15 
25 
15 
30 
30 

20 0 
3 1 , 780  

190  
20 

5 

3 2 , 460  

3 4 , 5 0 0  

175  
5 5  
7 5  

2 0 5  
3 ' 2 40 
3 , 0 3 5  

2 5  
10 
55 
90  
10 
50 
40 
5 5  
65  

220  

7 , 4 4 0  

2 5  
5 , 6 10 
8 , 660  

3 3 , 2 0 0  
155  
2 9 5  

3 0  
4 0  
15 
15 
45 
65 
35 
50 

12 , 0 55 
10 

60 ' 3 0 5  

4 1 , 9 4 0  10 2 , 2 4 5  

apopulat ion est imated by Adcock and Assoc iate s  ( 1 9 7 7 - 19 7 9 r .  

Total 

260  
5 , 6 9 5  
8 , 76 0  

3 3 , 4 9 0  
3 , 4 15 
3 , 3 4 5  

7 5  
7 5  
9 5  

14 5 
140  

2 , 0 6 5  
3 1 , 9 2 5  

310  
1 2 , 17 0  

2 8 0  

10 2 , 2 4 5  

bFigure s for all area s beyond the 10-mile rad i u s  have been rounded to the 
neare st 5 .  

mate ly 9 %  were se lf-employed , and 1% we re unpa id fami ly wor ker s . In Lea County 
a s l ightly larger p ropor t ion of wage and salary wor k e r s  we re in the pr iva te 
sec tor and a cor r e s pond ingly smaller propor t ion ( 1 2 % )  we re in the governmen t 
s ec tor ( USDC , 1970b , 1 9 7 5- 1 9 7 9 ) .  

A large propor t ion of employed wor kers are blue collar { c r a f t smen and for e
men , operative s ,  non farm laborer s ,  and farm laborer s ) , w i th 45% of Eddy County 
wor ker s and 4 9 %  of Lea County wor ker s belong ing in th is categor y in 1 9 7 0  (USDC , 
1 9 7 0 b ) . Data on earning s ,  pove r ty ,  and employment a re g i ven in Table s H-7 , 
H-8 , and H-9 . 

F ive un ions are repre sented in Eddy and Lea Count i e s  ( Table H- 10 ) ; the 
large st is the Un i ted S teelwor k e r s  Un ion .  Four un ions have local headquar ter s  
i n  Eddy county . 

Soc iocultural cond itions 

Dur ing September and October 1979 , uns tr uc tured discuss ions we re held w i th 
approxima tely 2 0 0  per sons in the Car l sbad a r ea . A number of general topics 
we re covered in an attempt to dete rmine the soc i oc u l t u r a l  att i t udes of r e s i
dents in the g ene ral area of the WIPP .  The per sons i n terviewed we re a sk ed to 
descr ibe the ir fee li ng s  abou t the i r  L:x: al corrunun i t ies  and va r io u s  i ss ues re
la ted to the qua lity of life in the area . The topics of d iscuss ion included 
a ttachment to the commun ity , poli t ical processe s ,  and land u se . 
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Table H-7 . Med ian Earn ing s  by Occupation ,  Ethnic Group , and Sex , Eddy and 
Lea Counties , 1969a 

Medi an earning s  
Eddy County Lea County 

Occupation All groups Span ish Black All g roups Spanish Black 

Males 16 and older 
with earn ing s  $7068 $4286 $4820 $76 9 5  $4883 $4225 

Professional , managers 9 158 4808 9 9 09 8000  
Cra fts , foremen 8050 6667 4375 8127 6085  52ll 
Operat ives 7 244 5019 7 078 7629 4477 4853 
Nonfarm labor 4297 3306 5469 37 9 3  3800  3500  
Farmers and managers 6729 5533  4944 
Farm laborers and 

foremen 2960 287 1 3608  3350 

Females 16 and 
older with earn ing s $2810 $1596 $ 994  $2707  $1435 $1066 

Cler ical 3551 2575 3 5 51 
Operat ives 1241 830 2079 

aoata from USDC ( 1970c ) . 

Table H-8 .  Income and Poverty Status of Families by Ethnic 
Group and Sex of Household Head , Eddy and Lea 
Count ies , 1969 a 

Fami lies with i ncome 
below poverty level 

All families 
Span ish 
Black 
Fami l i es with female head 

aoata from usoc ( 19 7 0c) . 

Per centage of all fa�i lies 
Eddy County Lea County 

17 . 8  
41 . 5  
24 . 4  
so . a  

12 . 5  
31 . 5  
50 . 7  
47 . 0  

1875  
848 

A clear ma j or ity of the interviewees rated the Car lsbad area as  an above
average area in wh ich to live .  The ir reasons included climate , the fr iend
line ss of residents , acce ss to r ec reational f ac i lities , and the rural natu re 
of the area . Those rating it average or below average cited excessive heat , 
h igh living costs , a lack of adequate commerce , and a dearth of cultural amen
it ies as rea sons . 

A s ignificant major ity of those interviewed expressed a sense of belong ing 
to the commun ity , but a small percentage felt that they were excluded f rom the 
polit ical process . Some people voiced concern about rac ial or ethnic relation
sh ips , though most interviewees suggested that the problem was less ser ious now 
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Table H-9 . Employment Distr ibution by Industry,  Sex ,  and Ethnic Group , Eddy and Lea Counties ,  1969a 

Distr ibution ( % )  i n  Eddy County D istr ibution (% )  in  Lea County 
Industry TOtal Male Female Spanish Black TOtal Male Female Spanish Black 

Total number employ-
ed , 16 and older 14 , 145 9374 477 1  3046 36 4 18 , 25 5  12 , 745 5510 1571 729  

Agr iculture 7 9 1 17 4 5 6 1 10 3 
Mining 2 1  3 8  3 11 12 27 45  6 19 7 
Constr uction 6 6 2 6 14 12  
Manufactur ing 5 6 3 6 7 5 6 3 4 1 
Transportation ,  com-

mun ications , and 
public utilities 7 8 4 6 6 7 8 5 4 5 

= Wholesale trade 3 4 1 2 -- 3 4 1 2 2 I 
Food , bakery ..... 

CD 
da iry stores  2 2 4 3 -- 3 2 4 3 2 

Eating and dr inking 
establishments 3 1 6 3 2 4 1 11 7 5 

Other reta i1 11 10 13 12 9 12  10 16 14 6 
Finance , insurance 

and real estate 3 3 5 1 4 3 2 5 2 2 
Business and repa i rs 2 3 2 2 -- 4 4 3 3 3 
Personal and other 

services 7 3 16 10 32 5 2 14 8 32  
Enterta inment 

and recreation 1 1 1 :i 3 1 1 1 1 6 
Health services 

and hospitals 6 2 13 4 2 3 1 8 2 3 
Education 9 5 18 10 5 7 3 14 3 6 
Other professions 4 3 6 3 5 3 2 5 2 4 
Public admin istration 4 4 4 3 7 3 3 3 1 1 

aData from the 1970 Census of Population .  



Table H-10 . Un ions Represented in F.ddy and Lea Counties , 1978a , b 

Number of 
Name of union member s 

Carpenters ' Local 1245 266 

International Brotherhood 259 
of Electr ical Wor kers 
Local 693 

Iron Workers Local 775 40 

Reta il Cler ks Local 462c 325 

Un ited Steel Workers Locals 1560 
177 , 178A , 181,  183 ,  
187 , 188A, 8507 

aoata from Adcock (1979 ) . 

Area and activities covered 

Carlsbad , Hobbs , Roswell Portales ,  
Clovis , Tucumcar i :  construction 
contractors 

Eddy and Lea Counties :  electr ical 
workers at potash mines (Duval,  
Potash Company of Amer ica , and 
Mississippi Chemical) : four out of 
five local constr uction contractor s 

Eddy and Lea Counties: local con
struction contractors ,  potash mines 

F.ddy and Lea Counties:  reta il stores , 
grocery and department stores 

Eddy and Lea Counties :  potash mines , 
Car lsbad city employees ,  school 
custodial and maintenance worker s 

bLocal offices in Car lsbad unless otherwise indicated . 
CLocal offices in Las Cruces . 

than it had been in the past . A large number stressed that there were no prob
lems . It is important to note that very few per sons perce ived any conflict be
tween old and new re sidents . overall , the interviewed persons characterized 
local residents as friendly , helpful , honest, and good. 

In contrast to the posit ive a�titudes about the community , approximately 
half the interviewees felt they had no meaningful chance of affecting polit
ical events . They felt that the ir involvement in the political process did 
not count . Furthermore ,  many of the responding per sons saw no rea son for be
coming involved and were not interested in doing so .  Only a small minor ity 
perce ived an ability to influence dec isionmaking .  

Attitudes toward elected off icials and their representation of the local 
constituency were generally consistent with the feelings about ability to af
fect local government dec isions . Approximately half the interviewees felt well 
represented, while the other half d id not . Those who did perceive a lack of 
good representation believed that only the wealthy and spec ial interests are 
tak en into account. 

Local residents show a general preference for the current environment in the 
Carlsbad area.  The local consensus on land-use patterns leaned toward no changes 
or only very minor ones . The changes most desired are increased agr icultural 
developnent , mineral developnent , and urban ization-industr ialization .  
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Chu rches and corranun ity organ izations 

Car lsbad has 60 churches and 1 synagogue ; Hobbs has 70 churches and 1 syna
gogue ; Loving has 3 chu r che s .  Of these churche s ,  two in Car lsbad and one each 
i n  Hobbs and Lov ing are Catholic.  Many of the rema in ing churches are Prote s
tant ( BBER ,  1977 a , b ;  Adcock , 1979 ) . 

There are 22 major civic and corranun ity organ izations in Hobbs ,  13 in Car ls
bad , and 2 in  Loving . Most of these are fraternal organ ization s ,  w ith member
ship in many re str icted to men , although many have aux i l i ar ies for wives (Ad
cock , 1979 ) . 

Soc ial services 

The soc ial ser v ices ava ilable in both the Car lsbad-Lov ing area and in the 
mun icipality of Hobbs are rather extens ive and cover a wide range of act ivi
t ie s .  The organ izat ions prov id ing these services are listed i n  Tables H-11 and 
H-12 for Car l sbad-Lovi ng and Hobbs , respect ively . 

Corranun ity plann ing capabilit ies 

Car lsbad and Hobbs are exper ienc ing cons iderable growth in populat ion and 
housing ; th is g rowth is expec ted to continue throughout the mid-1980s and prob
ably into the year 2000 . Both corranun ities  have plann ing agenc ies and var ious 
other c i ty ag encies  that analyze and a ss ist in the management of  g rowth . The 
v illage of Lov ing , wh ich has also exper ienced growth since 1970 , currently has 
no mun ic ipal  plann ing depar tment (Adcock , 1979 ) . 

Table H-11 . 

Type of service 
or fac ility 

Car lsbad Area Resou rce 
and Counse ling Center 

Alcoho l i sm  Counc i l  of 
South Eddy County 

Soc ial Ser vices in Car lsbad-Lov ing , New Mex icoa 

Total 
Total par t ic-
sta ffb ipantsc Prog ram or activity 

MENTAL HF.ALTH AND HF.ALTH SERVICES 

19 37 3 

6 60  
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Rape Cr isis  Cente r 
Hot line Cr is is Center 
First offende r s  prog ram 
Mental-health services 
Treasure House Act ivity Center 
Youth service counse ling 
Fami ly counse ling 
Parents Anonymou s 
Te sting and evaluation 
Dr ug-abuse c lin ic 

Outpat i ent counse ling 
Group counse ling 
Semi nars and lecture s  
In it ial sc reen i ng for Cavern Lodge 
Half way house 



Table H- 1 1 . Soc ial Serv ices in Car lsbad-Lov ing , New Mexicoa ( cont inued ) 

Type of serv ice 
or fac il i ty 

Total 
sta ff b 

Total 
par t ic
ipan tsC Program or ac t i v i ty 

MENTAL HEALTH AND HEALTH SERVIC ES ( cont i nued) 

El Centro Rura l de Salud 

Eddy County Health 
Cente r 

Eddy County Sen ior 
C i t iz ens Prog ram 

S en i or R ec r eation Cen ter 

Lov i ng Meal s i te 
Nutr it iona l Prog ram 

Cottage Pre school 

H i llc re st Day Care Cen ter 

Har d ing Web ste r  Pre school 

Fir  st Un i ted Method i st 
Pre schoo l 

Camp f i re Gir l s  

6 

16 

NA 

4 

NA 

DAY 

4 

6 

NA 

4 

NA 

50 0 

3 0 0 0 -
50 0 0  

Pr imary med ical care 
Pr ena ta l care 
Family plann ing 
Social wor k er 
Coun se ling 

Family plann ing 
Pr enata l care 
Ch i ld-care c linic  
Ma te r n i ty educat ion 
Immunizat ion prog ram 
Cr ippled- ch i ld r en ' s  services 
Social worker , South Eddy County 
Women ' s ,  Infants ' ,  Ch ildren ' s  

Nu tr i t ion Prog ram 
Vi tal s tat ist ic s  

SENIOR C I TI ZENS SERVICES 

CARE 

20 0 Sen ior C i t i z ens Nu tr it iona l 
da i ly Mea l s i te 

Rec reat ion 

5 50 Rec r eation 
da ily Club mee t ing s 

Cla sses 

50 Sen i or C i t i z ens Nu tr i t iona l 
da ily Mea lsite 

Rec r eat ion 

AND PRESC HOOL SERVIC ES 

34 Inf onnal education , day care 

35 Informa l education , day c a r e  

NA Infonnal educat ion , day care 

39 I n formal education , day care 

YOU TH SERVICES 

NA 
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Informal education and vocat ional 
guidance 

Rec r eation 



Table H-11 . Soc ial Services in Car lsbad-Loving , New Mexicoa (continued) 

Type of service 
or fac ility 

Total 
sta ffb 

Total 
partic
ipantsC Prog ram or ac tivity 

YCXJTH SERVICF..5 ( ;ontinued) 

Boys Club of Car lsbad 3 

Amer ican Red Cross 2 

600 Organ ized spor ts 
Recreation 
Lib rary 

OTHER SERVICES 

200 Wa ter safety training 
Blood-donor program 
Card iopulmonary resusc i tation 

tra ining 
Fir st-a id tra ining 
D isas ter relie f  
Blood-pre ssure screen ing 
Services to military fam i lies 

EDUCATIONAL , VOCATIONAL , AND REHABILI TATION SERVICES 

Car lsbad Ch ild Development 
Center 

Car lsbad Assoc iation of 
Retarded C itiz ens Farm 

2 

NA 

6-20 

20-25 

Preschool--hand icapped ch ildren 
Family counse ling 

Counseling 
Vocat ional rehab ilitation 
Rec reat ion 

STATE AND FEDERAL SERVICES 

Conununity Action Programs 125 

New Mexico Social 14 
Services Divis ion 

550-600 Family planning 
Head Start Prog ram 
Rural Health C linic , Loving 
Weather ization p rog ram 
Rural housing prog ram 
Sen ior C i t i z ens Nutr itional 

Prog ram 
Sununer youth recreation 
Emergency energy assistance 
Cr isis intervention prog ram 
Youth tu tor ing 
Home education livelihood prog ram 

463 Refer rals 
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Protective service for ch ildren 
and adults 

D isease invest igat ion 
Adult services 
Adoption 
Foster care 



Table H-11 . Soc ial Ser vices in Car lsbad-Lov ing , New Mex icoa (continued ) 

Type of service 
or fac ility 

Total 
staffb 

Total 
part ic
ipantsC Pr ogram or activ ity 

STATE AND FEDERAL SERVICES (continued ) 

Employment Services 
Divis ion 

aData from Adcock ( 1979 ) .  

20 

boata for 197 9 1 NA = not ava ilable.  

463 

Nur s i ng-home discharge plann ing 
Homemak ers service permanency 

planning for ch ildren 
Day care 
Family plann ing 
Health suppor t 
Cr itical in-home care 
Dr ug abuse 
Youth service s  
Legal services 
Emergency shelter 
Fami ly counse ling 

Employment information and referral 
Aid to Fami lies  with Dependent 

Ch ildren 

CMonthly est imate s unless otherwise ind icated.  

Table H-1 2 .  Soc ial Services i n  Hobbs ,  New Mexicoa 

Type of ser vice 
or fac ility 

Crisis Center of Lea 
County 

Total 
sta ffb 

Total 
par tic
ipantsC Program or activ ity 

MENTAL HEALTH AND HEALTH SERVICES 

25 500 

H-23 

Day activities for sen ior cit izen s  
Group therapy 
Alcohol abuse 
Ch i ld services 
Parent educat ion service s 
Dr ug abuse 
Med ication prog ram 
Methadone prog ram 
Educational prog rams for public 

schools 
Rape cr isis  prog ram 
Volunteer Shel ter Bed 



Table H-12 . Soc ial Services in Hobbs ,  New Mexicoa (continued ) 

Type of service 
or fac ility 

Total 
sta ffb 

Total 
partic
ipantsC Program or ac tivity 

MENTAL HEALTH AND HEALTH SERVICES ( continued) 

Parents Anonymous 
(prevention and treatment 
of ch ild abuse ) 

Mental Health Activity 
Center 

Senior C it i z ens Center 

Good Samar itan Vi llage 

La Sie sta Reti rement 
Center 

4 

1 

6 

68 

37 

200 

119 

Telephone hotline and referral 
Group meetings 

Rec reat ion , soc ials 
Special educat ion, g if ts 

and par t ies 
Spec ial Olympics 
Annual scholarsh ips 

SENIOR C ITIZENS SERVICES 

1070 

124 

55 

Classes 
Dances 
Workshops 
Luncheons 
Meals on Wheels 
Information and refer ral 
Occas ional tra�spor tat ion service s 

Res idence , recreation, enter ta in
ment  

Nur s ing , residence , recreat ion 

EDUCATIONAL , VOCATIONAL , AND REHABILITATION SERVICES 

Ch ild Development Center 
of Lea County 

Vocat ional Rehabilitation 
(oil-field injur ies)  

Lea Work Activity Center 
( for the hand icapped) 

Social Services Division 

4 

2 

7 

24 

79 

35 

36 

Level D spec ial education 
Speech the rapy 
Phys ical therapy 

Med ical treatment 
Counseling 
Reeducation 
Arranging f i nanc ial assistance 

Recreation 
Cormnun ity services 
Transportation 

STATE SERVICES 

600 
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Counse ling services 
Limited cr itical in-home care 
Family plann ing 



Table H-12 . Soc ial Services in Hobbs ,  New Mexicoa (cont inued) 

Type of service 
or fac ility 

Employment Services 
Divis ion 

Kinder Care Learn ing 
Centers , Inc .  

Washington Nursery 

L i ttle Peoples Kountry 
Kindergar ten 

Boys Club of Hobbs 

Gir l Scout Hou se 

Juni or Ach ievement of 
Hobbs 

Amer ican Red Cross 

Total 
staffb 

Total 
partic
ipantsC Program or activity 

STATE SERVICES ( cont inued) 

9 3 37 

Health suppor t 
Homemaker services 
Information and refer ral 
Adoption services 
Day care 
Protective services for 

ch i ldren 
Foster care 

Information and referral 
Aid to Families with Dependent 

Ch ildren 

DAY CARE AND PRESCHOOL SERVICES 

9 88 Informal education , day care 

10 90 Day care 

3 21  Informal educat ion , day care 

YOUTH SERVICES 

5 1300 Indoor r ec r eation 
Library 
Telev ision 
Organ iz ed spor ts 

1 1000 Wor ld of Ar ts 
Wor ld of People 
Wor ld of the Out-of-Door s 
Wor ld of Well-Be ing 

NA NA Recreation 
Commun i ty service 

OTHER SERVICES 

1 27 0 Services to mil i tary families 
D isa ster re lief 
Blood-pre ssure screening 
Water safety tra ining 
Blood-donor prog ram 
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Table H-1 2 .  Soc ial Services in Hobbs ,  New Mex icoa (continued) 

Type of service 
or fac ility 

Total 
sta ffb 

Total 
par tic
ipantsC Program or activity 

OTHER SERVICES ( continued) 

aoata from Adcock ( 1979 ) .  
boata for 197 9 ; NA = not ava ilable . 

Card iopulmonary re suscitat ion 
tra in ing 

Fir st-a id tra in ing 

CMonthly est imates un less otherwise ind icated .  
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H . 3  EX:ONOMIC SETTING 

H . 3 . 1  General Economic Character istics 

As defined by standard economic-base theor y ,  there are three basic eco
nomic s ec tor s in Eddy and Lea Counties : mining , manufactur ing , and agr i
culture . Although government is a basic industry* in many parts  of New Mexico 
because of heavy Federal act ivity ,  most governmental act ivity in Eddy and Lea 
Counties is only a suppor tive func tion ( USDC , 197 5-1979 ) .  The nonbasic 
sec tors in the two counties i nclude contract  constr uction 1  transpor tat ion , 
cormnunications , and utilities 1  trade : finance , insuranc e ,  and real estate : and 
services . Cer ta i n  act iv ities in the reta il-and-services sec tor are larger 
than might be expec ted because of heavy tour is t  tra ffic (Carlsbad Caverns ) . 
Transpor tation fac i l ities and the transpor tation sec tor in the area are well 
developed because of the heavy industry.  

Ba s ic i ndu str ies 

Mining , wh ich inc ludes oil and gas extraction , is the major industry in 
both counties . In 1978 mining employed approx ima tely 3600 and 6 000 per sons in 
Eddy and Lea Counties , respec tively . In both counties employment in mi n ing was 
sub stantially h igher than in any other indu str ial sector (NMESD , 1975-1979 ) .  
In Eddy County pota sh mi ning employs more than nine out of ten per sons wor k ing 
in  th is sec tor . Figures for 1977 showed that New Mexico (Eddy and Lea 
Counties)  suppli ed 9 3% of the total potash mi ned in the United State s ( USBM, 
1978 ) . In Lea County min ing is  centered on oil and gas ( 58 0 0  employee s  in 
1978 ) : mining in potash , sand and gravel , rock salt , and caliche employed 
fewer than 200 people in  1 9 77 (NMESD , 1975-1979 ) .  

· 

In Eddy County per sonal income from min ing accounted for mor e than 24 . 6 % 
of total per sonal income in 1977 . In Lea County th is f igure was j u st more 
than 3 1 . 2% .  Moreover ,  the impact of min ing is increasing :  per sonal income 
f rom mining rose approximately 170% from 1970 through 1977 , wh ile per sonal 
income from other se rvices rose 118% over the same per iod (USDC , 1975-1979 ) .  

At the beg i nning of 1978 , there were 43 manufactur ing companies with 
approximately 9 20 employees in Eddy County and 51  manufactur ing companies with 
approx imately 1 08 5  employees in Lea County . In 1976 manufactur ing was s econd 
in income generated by a basic industry . However , the total per sonal  income 
from manufactur ing was only 5 . 2%  of all per sonal income generated in the 
two-county area (NMESD , 1975-1979 ) .  

In  1975 the pr inc ipal sub sec tor of agr iculture in the two-county area was 
meat an imals and live s tock . In the immediate area of the WI PP s i te ( 10-mi le 
radius) , ag r iculture is restr icted to cattle gra z ing . Per sonal income from 
agr iculture in  1975  was less than 4%  of the total per sonal income der ived in 
the two-county area . 

*Basic industr ies are those whose level of activity is  not closely tied to 
the level of economic ac tivity in the local commun ity (Tiebou t ,  19 6 2 ,  p .  74 ) .  
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Trade and serv ices 

The 1972 Census of Business shows 4 5 4  reta il outlets  in Eddy County and 
6 14 in Lea County , for a total of 1068 . In Eddy County the maj or ity , 28 1 ,  are 
located in Car lsbad . The tota l sales volume in 1972 wa s about $185 . 9  million ,  
or j u st over 8 %  o f  the statewi de total o f  more than $2 . 3  bi llion . Although 
little sales-volume information is ava ilable after 1972 , reta il sales in the 
area have i ncreased substantially . Dur ing the per iod 1972-1978 , employment i n  
wholesale and reta il trade increa sed from a n  average of 25 0 0  to approximate ly 
3 500 in Eddy County and f rom approx imately 3 6 00 to 5 200 in Lea county (NMESD , 
1975-1979 ) .  

The Rand-McNally 1978 Conunerc ial Atlas and Mar keting Guide shows both Eddy 
and Lea Counties as basic trade areas ( i . e . , areas in wh ich normal reta il
trade purchases are made) . Rand-McNally de f i nes 50 major trade areas with a 
maj or central c ity f rom wh ich substantial reta i ling and wholesa ling operations 
are conduc ted . The Car lsbad basic trade area , Eddy County , is in  the major 
trade area of El Pa so ;  the Hobbs trade area , Lea County , is in  the maj or trade 
area of Dall a s .  It  i s  impor tant to note that the basic trade areas for both 
Car l sbad and Hobbs do not extend beyond the ir  respect ive county l imits to any 
signif icant deg ree . There for e ,  Rand-McNally note s few leakages in normal re
ta i l  purcha ses f rom the two-county area .  However ,  for maj or reta i l  purchases 
and wholesaling there is substantial leakag e  out of the State into El Paso and 
Dalla s .  

There were 8 3 5  serv ice establishments ( e . g . , hotels , motels , barber shops , 
advert iser s ,  bus i ne ss serv ices , repa ir  shops) at the t ime of the 1972 Census 
of Business . Ac tivity in th is sec tor inc reased substantially dur ing the 
per i od  1972-1978 , w ith service-sector employment in Eddy County r is ing f rom 
approximate ly 190� to 27 00 and in Lea County from approximate ly 1800 to 2300 
(NMESD , 19 7 5-19 79 ) . 

Tour ism 

Tour ism contr ibute s  substantially to economic ac tivity in the two-county 
area , par ticular ly in Eddy County . The ma in tour ist attraction in the area is  
Car lsbad Caverns Nat ional Par k ,  wh ich is approx imately 22 mi les sou thwest of 
C ar l sbad and 41  miles west- southwe st of the s i te .  I n  1978 i t  rece ived 867 , 276  
v i s i tor s ,  or near ly 4 4 %  of the vis itors to all 11 nat ional par ks  and monumen ts 
throughout the S ta te (USDI , 1970-1978 ) .  Nearby par k s  (Guadalupe Mounta ins 
National Par k ,  Living Dese r t  State Par k ,  the Pre sidents ' Par k  in Car lsbad , and 
others)  also attract  local res idents and tour i s ts .  

The eff ec ts of tour ism i n  the area can be readi ly seen i n  employment 
stat istics , with reta il trade and selec ted services be ing most a f f ec ted . For 
example , employment in eating and dr ink ing establishments more than tr iples in 
the three summer months ,  and surraner employment in lodg ing i ncrease s 60% to 70%  
over winte r employmen t (NMESD , 1975-1979 ) .  Other secondary and te r t iary serv
ices a ffec ted by tour ism ( e . g . ,  cur io sales , barber shops , cleaner s)  also show 
substantial increase s .  

Tour ism is highly seasonal ,  with vis its to Car lsbad Caverns fluc tuat ing 
f rom a h igh of 187 , 970  in July 1 9 77 to a low of 25 , 3 50 in January (USDI , 1970-
1978 ) . To suppor t the tour ist industry , the C ity of Car lsbad , wh ich receives 
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most of the impac t from the na tional par k ,  has a tota l of 20  mote ls and hotels 
with approx ima tely 1100 rooms ( data f rom the Car lsbad Depar tment of Develop
men t ,  1979 ) . 

Fi nanc ial re sources 

In F.ddy and Lea Count ies there are a tota l of n ine char te red bank s--four 
holding state cha r ters  and f ive hold ing national cha r ter s .  Five of these 
e ight banks  ( three sta te and two na tiona l )  are in F.ddy County . Asse t s ,  lia
bi litie s ,  and depos its as of December 3 1 ,  1978 , are repor ted in Table H-1 3 .  

There are four sav ing s  and loan inst itutions i n  the two-county area.  The 
thr ee with ma in o ffices in Eddy County are mutual savings and loan institu
tions that have comb ined assets of more than $148 . 3  million and tota l sav ings 
accounts of more than $ 118 . 9  mi llion .  The savings and loan inst itut ion w ith a 
ma in off ice in Lea County at Hobbs is a capita l-stock institution ;  it has 
tota l a sse ts of more than $ 27 . 4 million and about $21 . 3  million in total sav
ing s  account s .  

There are three credit un ions i n  the two-county area.  The two credit 
un ions in Eddy County (one in Car l sbad and one in Ar tesia)  are for school em
ployee s ;  both are insured by the Nat iona l Cred it Union Admi nistration .  They 
have combined a ssets of more than $2 . 7  mill ion and combined sha res and depos
its of just over $2 . 2  mi llion .  The cred it un ion in Lea County at Lov ington , 
insured by the New Mex ico Cred it Un ion Insurance Corporation ,  has total assets 
of over $1 . 4  mi llion and tota l shares and depos its  of $1 . 2  million .  

Nineteen sma ll-loan licensees are doing business i n  the two-county area . 
Ten are in F.ddy County : six  in Car lsbad , three in Ar te sia ,  and one in Loving . 
Nine are in Lea County : six in  Hobbs , one in Jal , and two in Loving ton (NMDB, 
1979 ) . 

In Car lsbad long-te rm ( 25-30 years)  f i nanc ing for res idential mor tgage 
loans is provided pr ima r i ly by the savings and loan a ssoc iations . The banks  
do  prov ide some shor t-term and inte r im financing .  

The ava ilabil ity of mortgage loans has fluctuated in accordance with the 
credit ( interest-rate )  cond it ions throughout the na tion .  The Sta te of New 
Mex ico usury Law requ i res any mor tgage loan w ith an interest rate h igher than 
1 0 %  to be sold in the " secondary" mor tgage-loan mar ket . Secondary-mar ket 
fund s  have also fluctuated in accordance with the c r ed it cond itions and inter
est rate s .  

The Car lsbad mun ic ipal area is regulated by the ex istence of a 100-year 
floodway , as de f ined by the Federal Insurance Admin istration ' s  Flood Insurance 
Study . Because the local government has re j ected the cr ite r ia that establi sh 
qualif ication for Fede ral flood insurance,  local mortgage loans are ava ilable 
on ly for developmen ts ou tside the boundar ies of the 100-year floodway (Figure 
H-6 ) . 

Per iod ically , the State of New Mex ico Finance Author ity (NMFA) provides 
funds for residential mortgage loans . The f inanc ial institutions in Car lsbad 
do par t ic ipate in the d istr ibution of these fund s when they are ava ilable . 
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Table H-13 . Banking Activity in F.ddy and Lea Countiesa 

State National Total Total &;luity Total 
Location banks Branches banks Branches assetsb liabilityb capitalb depositsb 

New Mexico 46 113 40 111 4904 . 7  4547 . 1  323 . 8  4296 . 3  

F.ddy County 3 4 2 1 231 . 9  213 . 3  16 . 9  211 . 2  

tll Carlsbad 2 4 2 1 143 . 2  133 . 0  9 . 4 13L'O 
I Artesia 1 0 1 0 88 . 7  8 1 . 2  7 . 5  80 . 1  w 0 

Lea County 1 7 3 8 342 . 0  317 . 9  19 . 4  302 . 4  
Hobbs 1 7 2 5 297 . 7  276 . 3  17 . 4  261. 2 
Loving ton 0 0 1 3 44 . 3  41 . 6  2 . 0  41 . 3  

-

anata from Sixty-fourth Annual Report ,  New Mexico Department of Banking ,  issued 1979 
(December 31,  1978 , data ) . 

l::>f.tillions of dollars .  
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Dur ing 1979 , NMFA funds bear ing a 7 . 75% interest rate we re ava ilable through
out Eddy and Lea Counties ; demand for the NMFA loans liqui dated the ava i lable 
funds  soon after  they became ava ilable . 

Currently ,  ne ither the savings and loan associations nor the banks extend 
mortgage loans for conunercial establ ishments in Car lsbad. 

In Hobbs the savings and loan assoc iations and the banks provide financ ing 
for long- and shor t-term mortgage loans . Generally , the ava i labi lity of resi
dential and conunerc ial loans has fluctuated , the cond itions being simi lar to 
those descr ibed for Car l sbad . A mun ic ipal bond i ssue has r ecently provided 
fund s for residential mor tgage loans . 

Because of Loving ' s  proximi ty to Car lsbad ( 12 mi les ) , its residential and 
conunercial mortgage-loan mar k et reflects the cond itions ex i sting in Car l sbad. 

H . 3 . 2  Labor Force 

Labor force is defined by the U . S .  Depar tment of Labor as per sons who are 
employed and those who are unemployed and are actively seek ing employment . In 
the fi rst  6 months of 1979 the combined total labor force in Eddy ( 19 , 9 0 5 )  and 
Lea ( 25 , 815 )  Counties was approx imately 45 , 7 00 . Total employment in the two
county area wa s 43 , 855  (NMESD , 1975-1979 ) .  

Between 1974 and 1978 the economy of both counties expar.ded , the total 
labor force inc reasing by approximate ly 7800 ind ividuals ( 20 . 6 % for the per i
od ,  4 . 8 % annually) . The overall growth of employment for the 4-year per iod 
wa s 22 . 4 % ,  or abou t 5 . 2 %  annually . Therefore , the number and the percentage 
of unemployed per sons have decreased dur ing the last 4 year s .  Although the 
combined unemployment rate for the two counties in the first  6 months of 1979 
was approx imate ly 4 . 1% ,  the rate var ies s ignificantly between Eddy ( 4 . 3% )  and 
Lea ( 3 . 9% )  Counties ( NMESD,  197 5-1979 ) .  

Employment 

Mining is by far the largest employer in the two-county area . Accurate 
figu res on agr icultural employment are difficult to obta in and are normally 
out of date ; the latest ava ilable cred ible information shows just under 2000 
employees in the two counties i n  1977 (USDC , 1975-1979 ) .  In  1978 manufactur ing 
employed approximately 20 0 0  persons : 921 in Eddy County and 1087 in Lea County 
(NMESD , 1975-1979 ) .  

The distr ibution of employment among industr ial sec tor s is presented in 
Table H- 14 . 

Unemployment 

Unemployment in the two-county area is lower than the State average ; the 
1978 average rates were 4 . 5% in Eddy County and 4 . 0% in Lea County .  Sea sonal 
unemployment rates vary significantly , with higher rates dur ing June and lower 
rates in late spr i ng and late fall . The var iations occur pr imar ily because of 
fluc tuations in the summer-month employment patterns of ag r icultural ,  student ,  
and cer ta i n  noncontract school per sonnel (NMESD, 1975-1979 ) .  
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Table H- 14 . Employmen t Sec tor s 

Indu stry 
Per centage 

distr ibut iona 
------- - -·---------------

Ag r i cul ture 
Min ing 
Manu factur ing 
Const r uc tion 
T r anspor ta tion ,  commun ications , and 

uti l i ties  
Who lesa le a n d  reta i l  tr ade 
F i nance , insu rance , and r eal estate 
Ser v ices 
Gove rnment 

5 
26 

5 
6 
9 

2 4  
4 

13  
12  

aData f rom the N e w  Mex ico Employmen t Secur ity 
Depa r tment NMESD ( 1 9 7 5-1979 ) .  Percentages do not 
add to 1 0 0 %  bee au se of round ing . 

Appl ications for wor k through the New Mex ico Employment Secur ity Depar tment 
( for mer ly the Emp loyment Secur ity Commiss ion )  reveal that a large numbe r of 
people w i th techn i ca l  sk i ll s , many d i r ectly connec ted w ith constr uc t ion and 
mi ning ,  and a lar ge number of cler ical and sec reta r ial wor ker s are ava i lable 
in the area . 

Underemploymen t and d i sgu ised unemploymen t 

The unemployment rate compu ted by the State and Fede ral gove rnmen ts i s  
based on per son s ac tively see k ing employmen t .  An area may somet imes have a 
concu r r ent low level of de fined unemployment and s ign i f icant unde remployment 
( i . e . , occupat ions or jobs that do not ta ke full advan tag e of an employee ' s  

potent i al ) . Although labor stat istics and wage rates ind icate that there may 
be some under employmen t bec au se of seasona l employmen t patte rns in the two
county area,  unde remployment does not appear to be s ign if icant in the labor 
mar ket . 

Disgu ised unemployment may exist when many per sons who are not ac tively 
seeking employment would take a job i f  one we re ava i lable in the a r ea . D i s
gui sed unemploymen t  is mea sured by labor -force par tic ipat ion rate s .  In the 
two-county a rea the labor -force pa r t ic ipation rate for males is h igher than 
the Sta te averag e ,  wh ile the rate for females is lowe r than the Sta te ave rage 
(USI:X: , 1 9 7 0 b ) . These da ta imply that not a ll fema les who a re w i l l ing to wor k 
are ac tive ly see k ing employment and that the labor-force ava ilabi l i ty for 
females may be g r eater than cu r r ent statis tics ind icate .  

Ma jor employer s  

Nine of the 2 0  major employer s in the two-county area are mi n ing or 
service-to-mining compan i e s  ( Table H- 15 ) . On ly two of the 20 maj or employer s ,  
Lev i Strauss and the Holly and Navajo Cor por a t i on ,  are l i s te d  by the Employ
ment Secur ity Depa r tment as manuf actur ing compan i e s .  
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Table H-15 . Major Employers in Eddy and Lea Countiesa 

Number of employees 

151-250 

251-500 

50 1-750 

Not k nown 

100- 1 50 

151-250 

251-750 

Not known 

Company 

EDDY COUNTY 

Miss iss ippi Chemical  
Lakeview Chr ist ian Horne 
Ho lly and Navajo Corporation 

Kerr-McGee Corporat ion 
Duval Corporation 
Amax Chemical 
Guadalupe Med ical Center 

Potash Company of Amer ica 
( Ideal Bas ic Industr ies)  

International Minerals 

Evange l ical Lutheran Center 

LEA COUNTY 

Ha lliburton Company 
Moran Company 
F i r st National Bank 

B&M (we ll service) 
Levi S trauss 
Genera l Telephone 

Lea County Regional Hospital 
El Paso Natura l Gas 

National Potash 

M . G . F .  Dr illing Company 

Service s  

Mining 
Ret irement home 
Re fin ing 

Mining 
Mining 
Min ing 
Med ical 

Min ing 
Min ing 

Nur sing home 

Oil fie ld 
Oi l-well dr illing 
Banking 

Oil field 
Manufactur ing 
Utility 

Med ical 
Refining natural 

gas 

Mining 

Oi l-well drilling 

aData from the Car lsbad Depar tment of Developmen t  ( 1977-1979 )  and the 
I ndustr ial Development Corporation of Lea County ( 1979 ) . 

Personal income 

The total annual personal income in 1977 was listed by the Bureau of 
Economic Analy s is as $ 276 . 8  million in Eddy County and $ 3 6 0 . 5  million in Lea 
County. The two-county area accounts for about 9% of the total annual per
sonal i ncome of a ll Sta te residents . The total annual per sonal income in Lea 
County has been showing steady increases in recent years . Because of de
c lines in the potash i ndustry dur ing the middle and late 196 0 s , Eddy County 
susta ined a decrease in the tota l per sonal income in 1968 and in 1969 barely 
reached the level established in 1967 : s i nce 1968 , however ,  it has shown 
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increase s .  Wh ile informat ion after 1977 is not ava ilable , trends in the area 
and in the S ta te ind ica te that the total per sonal income in the two-county 
area ha s been increasing at mor e than 12% per year since 1976 (USDC , 197 5-
1979 ) • 

The per-capita income in the two counties is higher than that in the 
State : in 1977 it was $ 68 11 in Lea County , or approximately 16 . 5% above the 
$5846 reg istered statewide level , and $6089 in Eddy County , about 4 . 2% above 
the statewide level . In Lea County the per-capita income increased 118 . 5% 
between 1970 and 1977 , wh ile in Eddy County the increase was only slightly 
le ss at 101 . 7 % .  The s tatewide level increased 99 . 8% dur ing the same per i od ;  
thu s the per-capita income for the two-county area i s  increasing faster than 
the statewide average . It  is impor tant to note that the per-capi ta income in 
both count ies is above the national average for non-SMSA ( Standard Metro
po li tan Stat istical Area) counties . In Lea County the per-capita income is  
118 . 2 %  of the non-SMSA county national averag e ,  wh ile the Eddy County level 
is 106 . 0% (USDC, 1975-1979 ) .  

H . 3 . 3  Hou sing and Land Use 

Car l sbad 

Accord ing to off ic ials of the City of Car lsbad , between June 1977 and 
Augu st 1979 Car lsbad annexed 8544  acres of land , thereby increasing the land 
area within its c ity limi ts to 13 , 3 35  acres .  With the add it ion of the an
nexed land , most of wh ich is vacant , the total vacant land area in Car lsbad 
amounts to approximate ly 7500  acres ,  wh ich is 57% of the tota r munic ipal 
acreage . 

Land-use patterns inside the city limits  are currently chang ing .  Much of 
the c i ty is being rezoned , with the outcome of the rezoning in doubt . Until  
rezon ing is  settled , it is  not possible to accura tely predict either the loca
tion or the total amount of land to be ava i lable for future resident ial , com
merc ial , and industr ial development .  

Information from the C ity of Car lsbad shows that , dur ing the per iod 197 0-
1977 , new housing un i ts were added to the c i ty ' s  housing stock at a rate of 
approximate ly 160 per year . Actual construc tion averaged approximate ly 180 
un i ts per year for that per i od ,  with approx imately 25 of the new constr uc
tion un it s  replac ing struc tures that were class if ied as "demolitions . "  Con
currently , the vacancy rate decreased from approx imately 3% in 1970 to 1% by 
1977 . In 197 8 construc tion ac tivity increased , with 257 new housing units 
be ing constr uc ted . However ,  demolitions and population growth ma inta ined the 
vacancy rate at an average of approximate ly 1% . If  the vacancy rate were to 
have been ree s tabl ished at a level of 3 % , generally accepted as the desi rable 
vacancy rate that permits order ly population and commun ity growth , it would 
have been necessary to constr uct an add it ional 153 housing un i ts in 1978 . 

By mid-1979 , the Car lsbad housing stock was est imated to be approximately 
10 , 198 un its (Table H-16 ) . The most recent information from the City of 
Car lsbad ( 1979 ) ind icate s that the vacancy rate has remained at a level of 
approximate ly 1% . 
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Temporary housing is ava ilable on a seasonal basis in Car lsbad ' s  20 
motels , wh ich have a total of about 1100 r ooms . Between Memor ial Day and 
Labor Day occupancy rate s are abou t 10 0% . Nonsurnmer occupancy rates on week
ends are as low as 50% in some motels but 95% to 100% on weekdays ( data from 
the Car lsbad Depar tment of Development ,  1979 ) . 

The Federal Housing Author ity ' s  Section 8 prog ram provides rent and ut il
ity ass istance (75% )  to quali f i ed renters . Generally , to qualify ,  a per son 
mu st be more than 62 years old , d isabled , or hand icapped and have an i ncome 
of less than $8500 (single-person limi t ) . In November 1979 there were 9 1  
prog ram par t ic ipants and approx imately 2 5  to 30 applicants for the prog ram 
( personal commun ication from J .  Hau t ,  U . S .  Depar tment of Housing and Urban 

Development , Roswe ll ,  New Mexico, 1979 ) . 

Table H-16 . Housing Stock in Carlsbad , 1978 

Type Total Occupied Unoccupied 

All un its 10 , 198a lo , 04 5b 153 
Single-fami ly un its 8 , 166a 8 , 044C 122 
Multifami ly un its l , 10 1a l , 00 4c 

Mobile homes 931d 9 17c 

aaased on data from the U . S .  Depar tment of Commerce , 1970  
Census of Housing ( USDC , 1970c ) , and subsequent bui ld i ng-permit 
and demoli t ion - data .  

baased on population and household-s i z e  estimates prepared 
for th is report .  

Hobbs 

coccupancy rate s ass umed ident ical for all housing types . 
dDatum from Adcock (1979 ) . 

17 
14 

Accord ing to current information from the City of Hobbs ( 1979 ) , the total 
land area inside the Hobbs c i ty limits , i nc lud ing the Hobbs Industr ial Air 
Par k ,  is about 14 , 830  acres .  Not includ ing the Air Par k ,  approximately 1070 
acres are vacant and ava ilable for residential , commercial , or i ndustr ial 
development .  Vir tually the total area of the Air Par k  is vacant at presen t ,  
p roviding an add i tional 3 5 00 acres for i ndustr ial development .  S i nce Hobbs 
has no zon ing ord inanc e ,  there are no figures on the total amount of land 
ava ilable for spec i fic types of use.  

From 1970 to 1977 , new housing units were added to the Hobbs housing stock 
at a rate of about 2 15 per year . Actual constr uction averaged 254 uni ts per 
year for the per iod , with about 40 units per year replac ing condemned or re
moved str uctures . Th is relatively low rate of add ition to the housing s tock 
caused the vacancy rate to decline from near ly 9%  in 1970 to just over 1% in 
1975 . In 1976 and 1977 constr uction act ivity i ncreased ,  with 4 14 new housing 
units added in 1976 and 6 11 un its in 1977 , and vacancy rates inc reasing to 
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about 2% because of the recent construc tion activity .  At the end of 1977 , the 
hou sing s tock in Hobbs was estimated at 10 , 879 un i ts .  The year 1978 saw a 
continuat ion of increased housing constr uc tion , with 466 new un its added . 
However , demo litions and population growth ma inta ined the vacancy rate at an 
average of approximate ly 2% . If a vacancy rate of 3%  we re to have been re
e stabl ished , it would have been nece ssary to constr uct 114 add i tional hous ing 
un its in 1978 . 

At the end of 1978 , the Hobbs housing stock was est imated to be approxi
mate ly 11 , 345  un i ts (Table H-17 ) . The most r ecent information from the C i ty 
of Hobbs ( 1979 ) ind icate s that the vacancy rate has rema ined at a level of 
a�rox imate ly 2% . 

Temporary housing in Hobbs is ava ilable in 11 mote ls with 482  rooms . Sea
sonal occupancy patterns are very s imilar to those for Car lsbad . On a year
round basis , occupancy averages 84 % ,  with the Memor ial Day to Labor Day rate 
at 95%  or higher . Nonsummer occupancy is lower than summer occupancy on the 
average , but midweek occupancy is very h igh even in nonsummer month s .  

The Federal Housing Author ity ' s  Section 8 Prog ram currently provides rent 
and utility ass istance to 39 qualif ied rente rs in Hobbs , and there are approx
ima te ly five applicants on the wa iting list (per sonal communication from J .  
Haut , U . S .  Depar tment of Hou sing and Urban Development ,  Roswell , New Mexico, 
1979 ) . 

Table H-17 . Housing Stock in Hobbs , 1978a _ 

Type 

All un its 
Single- fami ly un i ts 
Multifami ly un its 
Mobile homes 

Total 

11 , 345  
8 ,  677 
1 , 295 
1 , 373 

Occupied 

11 , 119 
8 , 503  
1 , 269 
1 , 345  

Unoccupied 

226 
174 

26 
28 

aData from the C ity of Hobbs , 1979 . Occupancy based on a 
vacancy-rate e s t imate in th is housing count , with vacancy rates 
assumed to be identi cal  for all housing types .  

LOving 

Dur ing the per iod 1970 through October 1979 , the housing stock in LOving 
increased by 19 . 9 % from 403 (USDC , 1970c ) to 483 hous ing un i ts (Table H-18 ) 
(Adcock , 1979 ) . The vacancy rate decreased from 27% ( 109 un its)  in 1970 
(USDC , 1970c) to 4 . 3% ( 21 uni ts)  in Oc tober 1979 (Adcock , 1979 ) . 

Off icial informat ion regard ing the current (November 197 9 )  quali ty of 
housing is not ava ilable � the most recent information is for 197 4 .  According 
to the results of a 1974 housing survey conducted by the Southeaste rn New 
Mexico Economic Development D istr ict ( SENM EDD ) , 58% of the housing un its were 
of sound cond it ion , 26%  were deter iorating , and 16% were dilapidated . 
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The 1974 SENM EDD survey used the number of mobile homes in the commun ity 
a s  a measure of the quality of hou sing stock ; mobile homes are considered to 
be in fer ior to other types of struc tura lly sound housing un its . Recently , the 
number of mobile homes in Loving has been i nc r easing . Dur ing the per iod 1974-
1979 , mobile homes increased from the 14 un its counted in the above-mentioned 
sur vey to 49 un i ts (Adcock ,  1979 ) , an i nc r ease of 250% • 

• 
The results of the 1979 Loving struc ture inventory compiled by Larry 

Adcock and Associates show that ne ither the overall numbers nor the per cent
a� es of sound vers us deter iorating and dilapidated housing un its have changed 
s ign i f i cant ly si nce 197 4 .  

The Federal Hou sing Au thor ity ' s  Sec tion 8 Prog ram had no rec ipients i n  
Loving as of Oc tober 1979 ( per sonal commun icat ion f rom J .  Hau t ,  U . S .  Depart
ment of Hou sing and Ur ban Developmen t ,  Roswe ll , New Mexico , 1979 ) . 

Table H-18 . Hou sing Stock in Loving , 1979a 

Type Total Occupi ed Unoccupi ed 

All  un its 483 46 2 
S i ng le-family un i �  4 10 389 
Mu l t i fami ly un its 24 24 
Mob i l e  homes 49 49 

aoata from Larr y  Adcock and Assoc iates ( 1979 ) , Res idential , 
Cormnerc ial , and Serv ice S tr ucture Inventory . 

�A = not appli cable . 

H . 3 . 4 Corranun ity Fac i lities 

Educat ion 

There are three publi c  school d istr icts in Eddy County and five in Lea 
County , w ith a combi ned 1978- 19 79 enro llment of 21 , 9 27 . Three public school 
d istr icts appear li kely to exper ience substantial impacts from the WIPP . 
Spec i al education ,  adult education ,  and techn ical-vocational prog rams are 
offered through the mun ic ipal school systems in Car lsbad and Hobb s .  

Thr ee i nstitutions o f  h igher education are in the vic in ity o f  the WIPP 
s i te :  a branch of the New Mexico State Un ivers ity in Car lsbad and the New 
Mex ico Jun i or Co llege and the College of the Southwest (a small 4-year insti
tution )  in Hobb s .  The Eastern New Mexico Un iver s ity ma inta ins a branch in 
Roswe ll ,  about 75 miles north of Car lsbad , and has i ts ma in campus in Por
tales , app roximate ly 110 mi les north of Hobbs .  The New Mexico Mil i tary Insti
tu te is al so located in  Roswe ll .  Somewhat farther f rom the s i te are the New 
Me x ico State Un iver s ity,  with a ma in campus in Las Cruces and a branch in 
A la �og o r do , and the Un iver s i ty of Texas at El Pa so . 

Ca r lsbad . Information obta ined in 1979 from the Car lsbad School Distr ict 
s hows that the Car lsbad s chool system cons ists of ten elementary schools , two 
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j un ior high schools , one mid-high school , and one sen ior high school , with a 
combined enrollment of about 6620 students . Th is enrollment is well below the  
capac ity of  10 , 000 students . As  shown in Table H-19 , the excess capac ity 
exists at all grade leve l s .  

Year 

1977-1978 

1978-1979 

Table H-19 . Car lsbad School Distr ict Enrollmenta 

Grade 
7-8 9-10 11-12 

ENROLLMENT CAPACITYc 

4600 1860 1770 1870 

ACTUAL ENROLLMEN� 

3 178 1390 1132 1 0 37 

3 5 0 1  98 2 1178 960 

aData from the Car lsbad School Distr ict ( 197 9 ) . 

Total 

10 , 0 00 

6 7 37 

6621  

brnc ludes spec ial education "C"  and "D" k indergar ten students 
counted as full t ime . 

CAssumes a capac ity of 24 students per classroom .  
dcar lsbad 40-day average da ily member ship repor ts . 

The Car l sbad s chool system has a complete special education prog ram tha t 
conforms to standards  set by the State of New Mexico . With approximate ly 4 5 5  
students a t  present , the spec ial education prog ram serves mentally retarded 
per sons between the ages of 5 and 21 and also ass ists ch ildren with speech and 
learning d isabi litie s .  

Adult-education programs are provided through the public school system . 
These prog rams offer tra ining in basic s k i lls as well as  classes leading up to 
General Education Development Test s .  

Technical-vocational tra in ing programs are provided by both the high 
s chools and the branch of the New Mexico State Un iver s ity . There are also 
wor k/study and other vocational tra ining programs for the mentally retarded . 

Hobbs . The Hobbs s chool sys tem currently cons i sts of ten elementary 
schools ( kindergar ten through grade 6 ) , three jun ior high schools ( grades 7 
through 9 ) , and one h igh school (grades 10 through 12 ) . Accord ing to informa
tion from the Hobbs School Distr ict , the total enrollment for the 1978-1979 
s chool year was about 7 6 30 students (Table H-20 ) . Th is enro llment is somewha t 
below the estimated capac ity of 8350  student s .  

Special education prog rams are offered for per sons between the ages o f  6 
and 2 1 .  There are also programs for ch i ldren in grades 1 through 6 with lea r n 
ing d isabi lities . 
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Table H-20 . Hobbs School Distr ict Enrollment in 
the 1978-1979 School Yeara 

Grad� 
K-65 7-9 10-12 Total 

ENROLLMENT CAPACITYc 

4630 1990 1730 8 3 50 

ACTUAL ENROLLMEN'rd 

4 2 37 17 15 1677 76 29 

aData from the Hobbs School Distr ict ( 1979 ) . 
brncludes spec ial education "C" and "D"  

k i nder gar ten students counted as full time . 
CAssumes a capac ity of 24 students per 

cla ssroom .  

48 

35 

daobbs 40-day �verage da ily member sh ip repor ts . 

Table H-21 . Loving School Distr ict Enrollment 
in the 1978-1979 School Year a 

Grade 
1-6 7-9 Tota l 

ENROLLMENT CAPACITYc 

240 140 4 2 8  

ACTUAL ENROLLMEN� 

1 88 199 3 4 2  

aData from the Loving School Distr ict ( 1979 ) . 
brncludes spec ial education "C" and "D" 

k i ndergar ten students counted as  full time . 
CAssumes a capac ity of 24 students per 

cla ssroom .  
dLoving 4 0-day average daily membership reports .  

·Jc Adult education classes that upgrade bas ic sk i lls to the e ighth-g rade 
level are offered . Cla sse s  prepar ing for the General Education Development 
Tests are al so provided , 
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Techn ical-vocat ional programs are provided by the high school and the 
New Mexico Jun i or Co llege . There is al so a special vocational rehab i l i tation 
program for the menta lly retarded . 

Lov ing .  The Lov ing school system curr ently consists of two schools : 
one elementary and one j unior high school . Accord ing to information obta ined 
in 1979 from the Lov ing School Distr ict ,  some 120 high-school-age students 
from the Loving d i str ict cur rently attend classes in Car lsbad schools .  The 
distr ict ' s  comb ined enrollment totals 342  full-t ime students ( Table H-21 ) . 
The enrollment is we ll below the school-d istr ict capac ity of approximately 
430 pup ils . Th is excess capac ity exists at all levels except the fourth and 
sixth grade s .  

Mun ic ipal water systems 

Car lsbad . Accord ing to information provided by city off icials in 
1979 , Car lsbad obta i ns i ts wa ter from a well field in the Capitan Reef 
( Figure H-7 ) and through a pipeli ne from the Double Eagle System to the 
northea st of the c i ty .  There are e ight wells presently pumping water from 
the Capitan field and 22 we lls in the Double Eagle field . In addition ,  there 
are three wells within the c ity limits that are not used because the water 
under Car lsbad is of lowe r qual ity than wa ter outs ide the city limits . 

The c ity has r ights to 9 2 00 acre-feet per year in the Capitan Reef and 
7648  acre-feet per year in the Double Eagle field . In add�tion ,  Carlsbad has 
r igh ts to 10 , 6 40 acre-feet per year from a well field north of the c i ty in 
the Ogallala Format ion , giving the city total r ights to over 27 , 000  acre-feet 
per year . 

Current ( 1979 ) consumption averages about 5 . 8  mi llion ga llons per day 
(mgd ) in Car l sbad . Peak consumption is about 16 mgd , well within the cur r ent 
26 . 4-mgd capac ity of the de livery system. 

Hobbs . Information obta ined in 1979  from c ity officials shows tha t 
Hobbs currently has r ights to 18 , 888 acre-feet of wa ter per year from ground
water sources (pr imar ily i nside c ity limits)  i n  the Oga llala Formation . In 
add it ion ,  it has an allocat ion of 15 , 3 40 acre-feet per year from the proposed 
Eastern New Mexico Water Supply System , wh ich would de liver wa ter from the 
Ute Reservoir to 10 commun it ies in easte rn New Mexico .  The status of this 
proj ect is current ly very unce r ta in ,  and it  is not k nown when , if ever , the 
delivery of water to Hobbs will beg in .  

Munic ipal wa te r i s  suppli ed from 2 8  wells located in and around the city 
(F igu re H-8 ) . The cu r r ent potential yield of the wells is about 14 mgd . 

Average consumption is currently about 12 mgd . Peak da ily consumption , 
norma lly about double the average da ily rate in th is area , is limited by the 
capac ity of the delivery-and-storage system to just over 14 mgd . Thus ,  al
though the total wa ter r igh ts i n  the Ogallala Formation are adequate for cur
rent demands (abou t 7050  ac re-feet per year ) , there is a need for addit ional 
we lls and storage-and-de livery fac i lities . The recent completion of four 
additional we lls will par ti ally allev iate the exist ing water system ' s  limita
t i ons . 
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Loving . Loving currently obta ins its wate r  supply from four wells located 
about 7 miles f rom the conunun ity (Figure H-9 ) . The village purchased the sys
tem in 1960 from a pr ivate firm. The system contains one 125 , 000-gallon and 
one 1 50 , 000-gallon storage tank . Water is also supplied to the conunun ity of 
Malag a ,  wh ich is south of Loving ( communication from Molzen-Corb in and Assoc i
a tes , Albuquerque , New Mexico, 1979 ) . 

The ava ilable wate r  r ights of 800  acre-feet per year are suffic ient to 
meet the cur rent and future needs of the conunun ity , consider ing its relatively 
s low g rowth . 

The current average consumption is approximately 91 million gallons per 
year , or 2 58 , 000  gallons per day. The peak consumption of approximately 
500 ,0 0 0  gallons per day exceeds the present system ' s  delivery and storage 
capac ity of 250 , 000 gallons per day ( data from Molzen-Corbin and Associates , 
Albuquerque , New Mexico , 1979 ) . 

To meet the current wate r  demand , the existing 6- and 8-inch pipeline is 
scheduled to be replaced by a 10- inch pipeline . In add i tion, a new 500 , 000-
gallon storage fac ility is to be construc ted at the well site . Bids for the 
water-system improvements were opened in October 1979 . 

Mun icipal wa stewater systems* 

Car lsbad . The Car lsbad municipal sewage-treatment plant , inadequate for 
cur r ent need s ,  is being expanded and upgraded, w ith constr uction expected to 
be completed by September 1981 .  On completion ,  the plant will have a design 
capac ity adequate to serve 50 , 000  people . Effluent waste will oe used . to 
irr igate a 700-acra farm owned by the city. 

Sewage-collection fac i lities provi de service to the enti re c ity ( Figure 
H-7 ) . Resi dential areas outs ide c ity limits use septic systems . About 25% 
to 30% of the developing a reas in the vic inity of the c ity are currently not 
suited to the use of conventional percolation septic systems and must use the 
somewhat more expens ive evapotranspiration septic systems . 

Hobbs . The construction of a new municipal sewage-treatment plant is 
under way , with completion expected in ear ly 1980 .  The new plant will have an 
initial capac ity of 5 mgd and a capability to expand to 6 mgd . 

There are also plans to expand and upgrade the main sewer lines in the 
c ity.  Two of the three existing main trunk lines will be affec ted , with one 
being rebuilt and one being paralleled by a new bypass line . The completion 
of the pro j ec t  is expected ear ly in 198 0 . 

Since Apr il 1 ,  1978 , developing areas north of Hobbs (Figure H-8 ) have 
been restr icted by the New Mexico Environmental  Improvement Divis ion to the 
use of evapotranspiration septic systems because of past problems with sewage 
from percolation systems seeping into local water supplie s .  The use of the 

*Data obta ined from the C ity of Car lsbad ( 1979 ) , the City of Hobbs ( 1979 ) , 
and the New Mexico Environmental Improvement Division ( 1978 ) , unless otherw ise 
stated . 
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evapotranspiration systems is expected to prevent further problems with resi
dential sewage in areas not connected to the Hobbs municipal sewage system. 

Loving . The municipal sewage-treatment plant built in 1950 does not meet 
current effluent standards set by the New Mexico Water Quality Commission .  
Consequently ,  the village has received a Federal grant to construct a new 
treatment facility . At present , the appropr iated funds ( $300 , 000) equal 
approximately 50% of the design and construction costs for an adequate plant . 
Loving is still seeking additional funding to start the proj ect ( information 
from Molzen-Corbin and Associates,  Albuquerque , New Mexico, 1979 ) . 

The treatment plant now in use is a pr imary system and has a rated capac
ity of 0 . 15 mgd. According to the Southeastern New Mexico F.conomic Develop
ment Distr ict,  it is exper iencing a demand of 55% to 60% . The sewage facility 
serves approximately 1600 people (Adcock , 1979 ) . 

Sewage-collection facilities provide service to the major ity of Loving ' s  
residents . The only exception is the extreme eastern section of Cedar Street 
(Figure H-9 ) . Because th is area ' s  elevation is lower than that of the current 
system, a lift station would be required to provide collection services. The 
residents of the area now use individual septic tanks .  

Electr ic service* 

Carlsbad and Loving . Eddy County obtains electr icity from the South
western Public Service Company. In Apr il 1979 , the area including Carlsbad , 
Loving , and the surrounding rural area contained 12 , 536 customers .  Of this 
total , 11 , 247 were residential and 1289 were commercial or industr ial custom
ers . Although the residential customers were numer ically the largest class of 
electr icity users ,- they accounted for only 22% of electr icity demand ; the can
mercial , industr ial , and miscellaneous customers accounted for the remaining 
78% .  Approximately 75% of the power is currently generated by natural-gas 
plants and · 25% by coal-fired plants . Another coal-fired plant will become 
operational in June 1980 , changing the ratio of power-generation sources to 
65% for natural gas and 35% for coal.  In addition , it is expected that one 
coal-fired plant will be completed in each of the years 1982 and 1984 ; the 
effect of the two additional coal-fired plants on the ratio of natural-gas to 
coal-fired generation cannot now be ascertained. 

Hobbs.  The New Mexico Electr ic Service Company supplies electr icity to 
Hobbs . In September 1979 , New Mexico Electr ic served 13 , 607 customers in the 
area within the Hobbs School Distr ict boundar ies . Of this total , 11 , 548  were 
residential , 1747 were conmercial , and 312 were industr ial customers .  Al
though the residential customers were numerically the largest class of elec
tr ic ity users,  they accounted for only 16% of electr icity demand ; the conmer
cial and industr ial customers accounted for 15% and 69% , respectively, of 
electr ic ity demand. The electr icity is generated by a single natural-gas 
plant . The company is studying the feasibility of using coal,  but no decis ion 
on a conversion has been made . 

*Data obtained in 1979 from the Southwestern Public Service Company 
(Carlsbad and Loving) and the New Mexico Electr ic Service Company (Hobbs) . 

H-46 



Natura l-gas se rvice* 

Car lsbad . In January 1979 , the Ga s Company of New Mexico wa s supply ing 
natural gas to 9816  cus tomer accounts in the Car lsbad area (8845  res idential , 
856 commerc ial , 17 industr ial , and 98 mi scellaneous ) .  The residential , com
mer c ial , industr i al , and misce llaneous user s accounted for 16 % ,  6 % ,  76 % ,  and 
2% , re spec tively , of th€ na tura l-gas demand in Car lsbad . 

Hobbs . In January 1 9 79 , the Hobbs Gas Company was supplying natu ral gas 
to 10 , 7 12 customer accounts in the Hobbs area (9415  residential , 1245  commer
cial , 6 i ndu s tr ial , and 46 misce llaneous ) .  The residential , commerc ial , indus
tr ial , and mi sce ll aneous users accounted for 6 4 % , 27 % ,  2% , and 7 % , respec tive
ly , of the natu ral-ga s demand in Hobbs . 

Loving . In Janua ry 1979 , the Gas Company of New Mexico wa s supply ing nat
ural gas to 453 cu stomers in the Loving area ( 395 residential , 34  commer cial , 
1 indu str ial , and 23 mi scellaneous) . The residentia l ,  commercial , industr ial , 
and misce llaneou s users accounted for 56 % ,  7 % ,  28% , and 9 % , respec tively , of 
the na tura l-gas demand in Loving . 

Fi re protection**  

Car lsbad and Eddy County . The Car lsbad Fire Depar tment has 30 full-t ime 
employees , or abou t 1 . 04 per 1000 people ,  operat ing out of the ma in fire  sta
tion and four substations ( Figure H-7 ) . Ma jor equipment inc ludes two 150 0-gpm 
pumper s ,  one 1000-gpm pumper , three 750-gpm pumper s ,  and a dry-chemical tr uck 
at the airpor t .  The pr imary service area for the depar tment is the city , but 
occa sional tr ips are made ou ts ide the c ity l imits to ass ist tpe all-volunteer 
Eddy County Fire Depar tment .  These tr ips are made on the basis of a verbal 
mutual-a id ag r eement between the c ity and the county . 

Hobbs and Lea County . The Hobbs Fire Departmen t cu rrently has 44  full
t irne employees , i nclud ing two d ispatcher s ,  or about 1 . 35 per 1000 people .  
There are two fire stations (Figure H-8 ) and seven fire  tr uck s .  Approximately 
one-th i rd of the depa r tment ' s  calls are outside the c ity l im i ts to ass i st the 
all-volunteer Lea County Fire Depar tmen t .  

Loving . The Lov ing Fire  Department currently is  an all-volunteer or gan i
zation composed of 25  member s .  The depar tment operate s  ou t of one sta t i on 
(F igu re H-9 ) and is equ ipped with three pumpers and one emergency vehicle . 
The general se rv ice area for the department is the Village of Loving ,  but 
ser vice to areas adj acent to the village limits is also provided . 

Police protection * *  

Car lsbad and Eddy County . The Car lsbad Police Depar tment ha s 48 full
t irne employees , or abou t 1 . 7 per 1000 people .  The pr imary area served by the 

*Data obta ined in 1979 from the Ga s Company of New Mexico ( Car lsbad and 
Loving) and the Hobbs Gas Company . 

**Data obta ined in 1979 from the cities  of Car lsbad , Hobbs , and Lov ing 
unless otherw ise s tated.  
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department is the city , but officers go outside the city limits to ass ist New 
Mexico State police or Eddy County Sher iff ' s  officers on request . City police 
also have Eddy County Sher iff ' s  commissions to facilitate their activities 
outside city limits . 

The Eddy County Sher iff ' s  office has about 23 full-time employees .  In 
addition, as d iscussed above , the office can call on Carlsbad police officers 
for assistance if needed (data from the Eddy County Sher iff ' s  Office , 1979 ) . 

Eddy County had a total of 89 officers (State Police , Sher iff ' s  Office , 
and Police Department) in 1978 , or 1 . 9  per 1000 people (Adcock ,  1979) . 

Hobbs and Lea County. The Hobbs Police Department has 81  full-time em
ployees ,  or about 2 . 5  per 1000 people . Moreover ,  Hobbs has developed a pro
gram (Operation Saturation) in which orf-duty police officers use marked 
patrol car s .  The effect of the program is to increase the apparent size of 
the department by making police officers vis ible, whether on or off duty . The 
police department serves the city primar ily , with only occasional calls out
side c ity limits . 

The Lea County Sherr iff ' s  department has approximately 33  full-time em
ployees .  In addition , the depar tment can call on Hobbs police officers for 
assistance if needed . 

Lea County had 124 officers (State Police , Sheriff ' s  Office , and Police 
Department) in 1978 , or approximately 2 per 1000 people.  

Loving . The Loving Police Department has two full-time employees and 
three vehicles . The department services the c ity , with only occasional calls 
outside the village limits . 

Health care* 

Carlsbad and Eddy county . The Guadalupe Medical Center in Carlsbad is the 
pr incipal short-term hospital in Eddy County. It opened in late 1977 and has 
134 beds .  There is  also the 34-bed Artesia General Hospital .  On the basis of 
mid-1978 Eddy County population estimates,  the 168-bed county total amounts to 
3 . 5  per 1000 population . This is below the national average of 4 . 0  beds per 
1000 , but it is representative of the State of New Mexico ' s  average of 3 . 5  per 
1000 . Nonetheless , the mid-1979 Guadalupe Medical Center occupancy rate of 
65% is below the Federal standard of 80% proposed for all nonfederal , general , 
short-term hospitals (Bennett,  1977 ) .  Additional medical facilities available 
in the area are indicated in Table H-22 . 

There are 35 physicians in Eddy County , 30 of whom use the facilities of 
the Guadalupe Medical Center . Twenty-one of the county ' s  physicians provide 
pr imary care , or about 0 . 5  per 1200 population . Although there are no gener
ally accepted standards for pr imary care physician-to-population ratios , the 
Eddy County ratio of 0 . 5  is only half the suggested level of 1 . 0  per 1200 
(Bennett , 1977 ) . Eddy County was classified as a medically underserved area 

*Data obtained in 1979 from the Guadalupe Medical Center (Carlsbad and 
Eddy County ) ,  the Lea Regional Medical Center (Hobbs and Lea County) , the City 
of Car lsbad , and the Village of Loving , unless otherwise stated . 
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Table H-2 2 .  Area Medical Fac il i t iesa 

Eddy 
Facility Carlsbad Countyb Hobbs 

Short-term hospi tals 1 2 1 
Hospital  beds ( plus basinettes )  13 4 ( 1 8 )  168 (NA) 180 (20 ) 
Nur sing homes 2 2 2 
Intermed iate-care fac il i t ies 

and home health agenc ies NAd 3 NA 
C lin ics ( i ncluding mental 

health) NA 6 NA 
Pr imary-care c linics 0 1 1 
Pharmac ies 14 17 8 

Lea 
Countyc 

2 
203  ( 20 )  

3 

3 

4 
1 

18 

aData from the New Mexico Health Resources Reg istr y ,  Guadalupe Med ical 
Center , Lea Regional Med ical Center , and Adcock ( 1979 ) . 

bincludes Car lsbad . 
Cincludes Hobb s .  
dNot ava ilable . 

i n  1976 by the Secretary of Health , Education , and Welfare for purposes of 
determining e ligibility for Health Ma intenance Or gan ization fund ing (Bennett , 
197 7 ) . In addit ion , there are 17 dentists in Eddy County (NMHRR , 1979 ) . 

Emergency med ical services are provided by a Dallas , Texas , company that 
has a contrac t with the Guadalupe Med ical Center . The emergency services 
operate a 24-hour emergency room staffed by three phys icians , of whom one is 
always in attendance and spec iali zes in emergency treatmen t .  

Ambulance service is provided by the Car lsbad Fire Depar tmen t .  There are 
currently four veh icles in use , and a fifth has been ordered . Ambulance serv
ice norma lly covers an area within about 30 miles of the c ity . Each ambulance 
is staffed by two emergency med ical technic ians ( EMTs ) . The Fire Depar tment 
has three full- t ime EMTs on the staff , and 25 add i tional paid volunteer ( part
time) EMTs are ava ilable . 

Hobbs and Lea County . Lea County has two shor t-term hospital s :  the Lea 
Regional Med ical Center in Hobbs , with 180 beds , and the Commun ity General 
Hospital in Jal ,  with 23 bed s .  Population est imates for mid-1978 show that 
Lea County has 3 . 6  hospi tal beds per 1000 population , which is less than the 
national average of 4 . 0  beds per 10 00  and mor e than the New Mexico average of 
3 . 5 per 1000 . Nevertheless , the mid-1979 Lea Regional Med ical Center occu
pancy rate of 65% is below the Federal standard of 80% proposed for all non
federal , general , shor t- term hospi tals .  

Add it ional med ical fac il i ties in Lea County (Table H-22 )  inc lude five 
clinics , one of wh i ch ,  located in Hobbs , provides pr imary car e .  In add ition ,  
there are three nurs ing homes and three intermediate-care and home health 
agencies (NMHRR , 1978 ) . 

There ar e 3 3  physic ians in Lea County , 25 of whom are located in Hobbs .  
Thi rty of the physicians provide pr imary care , or 0 . 6  per 1200 people .  Th is 
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ratio is considerably lower than the ratio suggested by Bennett ( 1977 ) of 1 . 0  
per 1200 . Partly as a result of th is low ratio of pr imary-care physicians to 
the population , Lea County wa s  class if ied as a med ically underse rved area in 
1 976 by the Secretary of Health,  Education , and We lfare for purposes of de
termin ing elig ibili ty for Health Maintenance Organization fund ing (Bennett , 
1977 ) . In add i tion , there are 12 dentists in Lea County (NMHRR , 1979 ) . 

Emergency med ical services are provided by a Dallas , Texas , company that 
has a contract with the Lea Reg ional Med ical Center . The emergency room is 
open 24  hours per day , with one physic ian who spec iali zes in emergency treat
ment always in attendance . 

Ambulance service is provided by the Hobbs Fire Depar tment ,  wh ich cur
rently operates three ambulances .  The ambulance service area extends to 
Loving ton on the nor th , the county line on the. west , into Texas on the east , 
and about 15 miles to the south of Hobbs . Each ambulance carr ies two EMTs on 
all calls . The Hobbs Fire Depar tment employs 40  EMTs full time , wh ich is to 
say that most fi re-depar tment per sonnel are qualified as EMTs . The depar tment 
also employs one EMT instruc tor . 

Loving . The conanun ity of Loving has only one med ical fac ility ,  El Centro 
Rural de Salud . It  opened in 1977 and has a staff of six .  Federa lly funded , 
the health center spec iali zes in pr imary med ical care . Services at the clinic 
i nclude prenatal car e ,  family planning , counseling , and med ical advice and 
re ferral .  

Shor t-term hospita l i z at ion is ava ilable in Car lsbad at  the Guadalupe 
Med ical Center . Ambulance service is ava i lable f rom e ither the Loving or the 
Car lsbad Fire Depar tment .  

Traffic and transpor tation : regional 

Pipeline transpor tation . Accord ing to informat ion obta ined in 1979 from 
the El Pa so Natural Gas Company , a 12 . 75-inch natural-gas pipeline passes 
through the WIPP s i te about a mi le nor th of its center ,  runn ing in an east
we st d i r ection .  Th is pipe line was built in the 1 9 40 s .  Approximately 8 to 9 
miles sou th of the site is a 26-inch El Paso Natural Gas line that also runs 
east-west.  

Air transpor tation . The cormnercial airpor t  nearest to the WIPP s ite is 
the Cavern C ity Air Termina l ,  about 30 miles to the west . To the east-north
east lies the Hobbs-Lea County Airpor t ,  about 35 mi le s  away . There are no 
landing str ips with i n  10 miles of the s ite . The s i te ,  however ,  is traver sed 
by cormnerc ial a ir traffic between Car lsbad and Hobbs . 

Highway transpor tation . Figure H-10 shows the average da i ly traffic flow 
in the environs of the site · ( the annual average da ily traffic flow at selected 
control locations is shown in Figures H-11 , H-12 , and H-13 ) . Data for the 
overall flow of veh icles ind icate suffic ient capac ity for the highway : capac
ity rating s  vary f rom 20 to 2 9  on a scale of 30 on the sect ion of road be
tween Car lsbad and Hobb s .  

Portions o f  NM 31  and NM 1 2 8  lie  within 1 0  mi le s  o f  the site , and U . S .  
Highway 62-180 r uns ea st to we st about 10 miles north of the s i te . U . S .  High
way 62-180 , par t  of the Federal Aid Pr imary System, is a four-lane divided 
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Figure H-10.  Average daily traffic flow i n  the area of the W I PP site, 1 978. 

h ighway from Car lsbad to the Lea County line . For 17 miles east of the Lea 
County line , the highway has two lanes : for the rest of the distance into 
Hobbs , it is again  a d ivided four-lane h ighway . 

New Mexico 3 1 ,  a two-lane road with a bituminous sur face , runs nor th to 
south about 10 miles we st of the s i te .  The re is l i ttle or no shoulder on 
certa in portions of the highway . Accord ing to the New Mexico State Highway 
Department ( 1979 ) , one section within 10 miles of the s i te has an overall 
pavement width of 18 feet and a total roadway width of 20 fee t .  

New Mexico 128 , runn ing ea st to west , traverses the southern portion o f  
the 10-mile rad ius . Th is State-ma inta ined two-lane bituminous-sur face high
way is  part of the Rural Federal Aid Secondary System , as is NM 3 1 .  Pave
ment widths vary between 20 and 22 feet for sections within 10 mi les of t h e  
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site , and the roadbed is at least 22 feet wide . From the inter section of NM 
31  and NM 128 to the present access road to the s i te ,  the h ighway traverses 
several small salt lakes or ponds ;  here there is virtually no shoulder , and in 
some areas  there is an abr upt drop of 2 to 3 feet f rom the paved sur face level 
to the pond or lakebed level .  Several inspection tr ips revealed a s ignif icant 
amount of maintenance along these areas on NM 128 and along s imilar areas on 
NM 3 1 .  Surface and safety rating s  and Figures H-11 and H-12 show s ignificant 
de ficienc ies along cer tain portions of NM 128 and 3 1 .  It is suspected that 
these low rating s  are caused part ially by the pre sence of certa in low areas 
that collect salt water and turn into salt lakes or ponds (Adcock , 1979 ) . 

Ra ilroad transpor tation . In the two-county are a ,  two companies operate 
ra il systems : the Atch i son , Topeka and Santa Fe , and the Texas-New Mexico 
Ra ilroad . The Atch ison , Topeka and Santa Fe enter s  New Mex ico from the south , 
running parallel to U . S .  2 8 5 . It connec ts the commun ities of Loving , Car ls
bad , and Artesia in F.ddy County and proceeds nor th to connect with the Atch i
son , Topeka and Santa Fe ma in line at Clovis . Spur lines to the potash
mining area have also been constr uc ted . 

The spur line to the Duval Nash Draw mine offer s  the closest access to the 
WIPP s i te .  The proposed extension of th is spur will connect the s i te with the 
Atch ison , Topeka and Santa Fe line . The Texas-New Mexico line enter s  at the 
southea st corner of Lea County and parallels NM 18 , connecting the commun ities 
of Jal ,  Eun ice , Hobbs , and Lovington . The line ends j ust nor th of Lovington . 

Car lsbad transpor tation system 

Current �affi�flow leve ls are we ll within the existing capac ity of the 
street system. Inspection of the street sys tem shows few unpaved streets 
with in the c ity limi t s .  The cond it ion of the street system appears to be good 
and shows adequate ma intenance . 

Commercial  a ir service is provided by three a ir line s : Air Midwest , Crown 
Aviation ,  and Permian Airways . Each a ir line company has two da i ly scheduled 
arr ivals and depar tures .  Commerc ial a ir service is provided for transpor ta
tion between Car l sbad and Hobbs and Albuquerque , New Mexico , and Midland, 
Odessa , and El Paso , Texas . 

The Santa Fe Railway provides the area with fre ight service . Piggyback 
service is ava i lable , and da i ly switch ing service is susta ined. 

Three inter state motor-fre ight carr iers (Apex Fre ight Lines , Sun Fre ight
ways , and Sundance Transpor tation) serve Car l sbad . Each f re ight-carr ier com
pany has terminal �ac ilit ies in Car lsbad . 

Intra state and inter state bus transpor tation is ava ilable through the New 
Mexico TransP<>r ta t ion Company , Inc . , an aff iliate of Greyhound Bus Line s .  
A pr ivate carr ier provides mass transpor tation to the commercial mining opera
tions . Currently there  are 28 round tr ips per day to the mining sites in the 
Car l sbad area . There are no public-trans it fac i lities in Car lsbad other than 
a taxicab company that operates four veh icles ( Adcock , 197 9 ) . 
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EXPIANATION OF TERMS FOR 
Figures H-11 , H-12 , and H-13 

1 .  RD SECT , � I :  Number on route map identi fying the subjec t  location . 
2 .  F'IJ:JW DIR: Traffic flow or d irection .  O - und ivided h ighway 1 N -

nor thbound 1 E - eastbound 1 W - we stbound . 
3 .  SEJ:T � =  Length of the rating section i n  miles and tenths . 
4.  SURF TYPE: Bit - bitwninou s .  
5 .  WIDTH IN FEET/PAVT : Width of bitwninous sur face recorded in an even 

number of feet . 
6 .  WIDTH IN FEET/RDWY : The distance between outs ide shoulder line s .  
7 .  ADT: Average da i ly traff ic ,  the ave r age number o f  veh icles passing a 

g iven point on the highway in a typical 24-hour per iod of up to 72 
hours 1 count in both d i rec tions on the d ivided h ighway s .  

8 .  FONT : Foundation rating - 1 0  point s .  Foundation can be rated only 10 
for adequacy or 0 for inadequacy. A rating of 0 is g iven to sections if  
any of the following cond itions exist :  1 - traveled way less than 18  
f eet wide 1 2 - lack of  adequate and un iform cross section ,  includ ing 
s i de d itches 1 3 - paved surface ind icating failure that could not be 
cor r ec ted by the add ition of a few inches of surface mater ial . 

9 .  SUR: Sur fac e .  The sur face rece ives a rating on the scale of 0 to 30 . 
If sur face is in relatively good cond ition but showing first s igns of 
dete r ioration , it rece ives a rating of 15 . More advanced decay , while 
still in fai r ,  usable cond i tion, is rated between 10 and 15. Pavement 
in a condition j ustifying replacement is ass igned a rating of 10 . 
I ncreasingly poor cond i tions to the point of complete deter ioration are 
rated 10 to 0 .  

10 . DR : Dra inage - 10 points .  Lack or inadequacy of dra inage fac ilities 
reduces the total of 10  points allotted for comple tely adequate drain
age .  The amount of reduction is propor tional to the relative lengths of 
the de f ic i ent segment to the total rating section and the degree of the 
de ficiency . 

11 . SAF :  Safety - 20 points . The other condit ions that are rated also in
volve features of safety 1 however ,  this rating is concerned with certain 
cond itions as follows : 1 - stopping sight distance less than permitted 
by the des ign speed 1 2 - hor izontal curves sharper than permi tted by the 
des ign spee d 1  3 - br idges narrower than the traveled way width 1 and 4 -
d ips . 

12 . CAP: Capac ity. A rating between 0 and 30 is ass igned to represent the 
capac ity char ac ter i stic of the rating section .  From a rating of 30 , 
ind icating full capabili ty to carry the actual exis ting traffic load 
(ADT) , to a rating of 0 to 10 i ndicating a def icient section ,  the de
creasing numer ical value ind icates the increasing presence of s ignifi
cant fac tors contr ibuting to the decline of the traffic-carrying capa
bility of the roadway . 

13 . OVAL RATG : overall rating . This overall condition rating is  an ad
j usted i ndicator representing a we ighted average of the previous f ive 
categor ies . The formula used to arr ive at this adj usted rating from the 
total rating takes into account the average traffic volume for the sys
tem of wh ich it is a par t .  
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Hobb s transpor tat ion system 

Cu r r ent traff i c-flow leve l s  are we ll w i t h i n  the exi s t ing capac ity of the 
street sy stem . Inspec t i on of the street sy s tem shows few unpaved s t r ee ts 
within the c ity l i mi t s .  The cond i t i on of the street system appear s to be 
g ood and shows adequate ma i n tenance . 

The Hobb s ar ea is se rved by the Hobbs-Lea County Airpor t ,  3 . 2  mi les we st 
of Hobbs on a paved four-lane h ighway . The Federal Aviation Admin i strat i on 
mainta ins a control towe r and prov ides air and ground commun icat ions . The 
l ong e st r unway at th is a i rport is 7 4 00 feet . At p resent , three comme:c ial 
car r ier s prov i de air se rvice to Hobb s :  Ai r Midwe s t , Cr own Av iat ion , and 
Permian A i r ways . Air Midwe st has s i x ,  Crown has th ree , and Per mian has two 
da ily ar r ivals and de par ture s .  These carr i e r s  g ive Hobbs connec t ing se rvice 
w i th Al buq uerque and Car l sbad , New Mexico and Lubbock , M icland , and El Pa so , 
Texas . 

Hobb s is se r ved by the Texas-New Mex ico Ra ilroad , a sub s id iary of the 
Texas and Pac ific Ra i l way . Th is ra il road p rov i de s  da i ly fre i ght service to 
the Hobbs area and operate s piggyback service from Lubbock , Texas . 

S ix i n ter state and i n t rasta te motor-fre igh t  carr i e r s  serve the Hobbs 
ar e a :  APEX Fre ight Line s ,  C-B Motor Fre ight , I l l i no is-Cal i for n ia Expr e ss , 
OFA Exp re ss , Texas and Pac i f ic Motor Fre i gh t ,  and Ye llow Fre i ght Sy s tems , 
Inc . In add it ion ,  several tr uck ing f i rms prov ide spec i al i zed or cu stom 
hau l i ng of heavy equ ipment . Un i ted Parcel Ser vice serves the Hobbs ar ea for 
the sh ipmen t of small pac k ag e s  and enve lope s .  Bus se rvice i� prov ided by 
Texas-New Mex i co and Okl ahom a Coache s ,  I nc . , w ith n i ne arr ivals and depar
tures _da ily . There ar e no publi c- trans i t  fac i l i t i e s  in Hobbs other than two 
tax icab compan i e s  ope rating a total of f ive veh ic le s .  

Lov ing tr ans por tat ion system 

Tr aff ic-flow leve ls  with ir; Lov ing are we ll w i t h i n  the ex i s t i ng capac ity 
of the street sy s tem. Accord ing to informat i on obtai ned in 1 9 7 9  from the 
Vil lag e  of Lov ing , no un paved st reets  ins ide the cor porate limi t s  we re left 
af ter the pav i ng constr uc t i on comple ted by the New Mex ico State Highway 
Depar tment in 197 8 . Traff i c-flow stat i s t i c s  pub l i shed by the New Mex ico 
State High way Depar t.IT1ent are on ly for urban ar eas w i th a po pulat i on of 5 0 0 0  
o r  mor e . There for e ,  no stat i s t i c s  for Lov ing ar e available to the public . 

Ai r transpor tation f or the c i ty is ava i lable at the Cavern C i ty Mun ic ipal 
A i r por t in Car l sbad .  

The San ta F'e Rc. i l road , wh ich passes d irec tly thr oug h Lov ing , offer s  
piggyback service s  i n  Carl sbad for area r e s i dents . The New Mex i co Transpor ta
tion Company (Greyhound Bus Lines)  prov ides s i x  scheduled depar ture s da i ly . 
Th r ee of the se proceed nor th to Car l sbad , wh ile th r ee cont i nue south to Pecos , 
Texas . Motor -fre ight se rv ice is available in Car l sbad . Local bu s or taxi 
s er v i ce is net ava ilable . 

Lov ing has  r.o publi c-tran s i t fac i l i t i e s . Howeve r , the Eddy County Com
mun ity 11.c t i or, Cor por a t i on op e rates a low- i ncome transpor tat ion service . The 
C ar lsbad Assoc iat io� for Retarded C i t i z ens Farm also prov ides transpor tat ion 
f or i ts Loving c l i ents . 
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Commun ications services and fac ilit ies 

Information on commun ications services and f ac i lities was obta ined in 
1979 from the General Telephone Company of the Southwest , which serves  Car ls
bad , Loving , and Hobbs . 

Car lsbad . In September 1979 , the General Telephone Company of the South
west had 12 , 302 main stations in the Car lsbad area . Of th is total , 10 , 069 
we re residential customers and 1811 were business customers .  The remaining 
4 22 ma in stations i nclude mobile service s ,  pay stations ,  rural services , and 
four-par ty busine ss services .  

Hobbs . In September 1979 , 10 , 68 8  main stations were in service . Of this  
tota l ,  7403 were residential customers ,  3200  were business customers ,  and 8 5  
we re mobile business customers .  

Loving . In September 1979 , 539 main stations were in service , with 476 
residential and 52 business cus tomers .  The remaining 11 ma in stations in
cluded four-par ty business , mobile service s ,  and rural services . 

Recreation 

The State Comprehensive Outdoor Recreation Plan produced in 1976 lists a 
var i ety of popular act iv ities in the two-county area . The 10 most popular 
activities , in decreasing order of popular i ty , are park visits,  picn ic k ing ,  
attending spor ts events , bicycling , walking for pleasur e ,  s ightsee ing , swim
ming in pools , fishing , tennis , and camping .  

The many r ecreation fac i lities shown in F igure H-14 meet the demand for 
these ac tivities . Pr imary among these facilities are the Lincoln National 
Forest in the Guadalupe Mountains , the Presidents ' Park along the Pecos River 
in the C ity of car lsbad , the Car lsbad Caverns National Park ,  the Living 
Desert State Par k , and several small f ishing lakes . New Mexico Highway 137 , 
wh ich enter s  the Lincoln National Forest , has been proposed as a scenic route . 

Both Eddy and Lea Counties offer a var iety of opportun ities for hunting 
birds and game. 

Recreation within 10 miles of the site consists mainly of scattered bird 
hunting on Bureau of Land Management property ,  r ecreational-vehicle dr iving , 
or tra il-bik ing . The area with in the 10-mile radius offers very few unique 
s ightseeing attractions . Interviews with ranchers i ndicate that birdhunters 
frequent the area mainly for qua il . Some target pract ice and rabbit hunting 
have been noted. However , none of these act iv ities occur on a large scale or 
appear to be coord inated among the local inhabi tants . 

Regarding the future,  there are plans for developing new r ecreational 
fac ilities and for expand ing and improving existing fac il i t ies throughout 
Eddy and Lea Counties . 

The communiti es of Car lsbad , Hobb s ,  and Loving have plans for developing , 
expanding , and improving thei r  r ecreational fac i lities (park s ,  tenn is cou r ts , 
shooting ranges , etc . ) under the auspices of the Her itage Conservation and 
Recreation Service Grants Program of the U . S .  Depar tment of the Inter ior . 
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Outside the communities , pr imary examples of projects with future development 
plans are the Living Desert State Park (State of New Mexico Parks and Recre
ation Department) , Cottonwood Cave (U . S . Forest Service) and the McKittr ick 
Hill Caves (Bureau of Land Management) . 

Car lsbad . The City of Car lsbad has numerous recreational facilities : 
more than 100 playing fields ; 12 tenn is courts; 2 golf courses ; 1 dirt auto
race track 1  1 bowling alley1 1 indoor and 1 outdoor movie theater ; and 1 
rollerskating r ink . There are 17 municipal parks and 3 others just outside 
the city . Other main attractions within the city limits include the Carlsbad 
Municipal Museum and the complex of Lake Carlsbad and Presidents ' Park .  At 
Lake Car lsbad there is an overnight campground as well as many picnic tables.  
In addition,  there is a senior c itizens ' recreation center . One KOA camp
ground is within the city limits and one is 20 miles south , at the entrance 
to the Carlsbad Caverns National Park at White C ity (Adcock , 1979) . 

Hobbs . The recreational fac ilities include 28 tennis courts , 2 golf 
courses,  4 swimming pools, and 2 bowling alleys . There are 12 municipal 
par ks , 16 . S  acres of public picnic grounds,  and a var iety of playground 
equipment at the c ity parks.  There are var ious ball parks throughout the 
city and an active Little League . In addition , the State of New Mexico is 
constr ucting a 120-acre state park at the Industr ial Air Park just north of 
the city ' s  center . Completion is expected in late 1983 or early 198 4 .  

Just north of Hobbs , a t  Humble City ,  there is a dirt track for auto rac
ing . To the south there is a motor cross track on the Kornegay Ranch . Each 
year in the Hobbs area there is a national soar ing meet for sailplanes . 

Other local recreational amenities include three fully enclosed handball 
courts and many outdoor courts . There are a gun club and target range with 
trap shooting nearby and several rodeo arenas (Adcock ,  1979 ) . 

Loving.  The recreational facilities available in the community of Loving 
are pr imar ily located in the village ' s  two parks . A small children ' s  park  
containing a basketball court is  located near the c ity hall . The larger 
Guevara Par k and recreational complex is in the southern part  of town. The 
park contains two baseball fields , a tennis court,  a children ' s  playground, 
and a community center and picnic area . Other local recreational facilities 
include the junior-high-school gymnasium and adj acent playing fields (Adcock ,  
1979 ) . 

Residents of Loving have access in Car lsbad to entertainment facilities 
like swimming pools , movie theaters , bowling alleys , golf courses ,  etc. 
(Adcock ,  1979 )  • 

solid-waste management 

Data on solid-waste management were obta ined in 1979 from the cities of 
Car lsbad,  Hobbs,  and Loving . A SWll'Dary is presented in Table H-23 .  

car lsbad . Solid-waste collection and disposal service for Carlsbad is 
provided by the city . The landfill site ,  northeast of the c ity (Figure H-7 ) , 
is operated in conjunction with F.ddy County , which excavates the disposal 
trenches.  The landfill site is new and has an estimated life of 30 years .  
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Table H-23 . Solid-Waste-Disposal Systemsa 

I tem 

Respons ible agency 
Residential 

Frequency 
Monthly fee 
Number of route s  

Commercial 
Frequency 
Monthly f ee 

Number of rou tes 
Number of veh icles by age 

Two year s  or less 
Thr ee  to f ive years 
More than five year s  

Responsible agency 

Type of landfill 

S ize of landfill 
Estimated rema ining 

life 
Pieces of equipment 
D isposal f ee  

Number of employees 

Car l sbad Hobbs 

COLLEX:TION 

Mun ic ipal 

Twice per week 
$3 . 00 
7 

1-6 per week 
Bas ed on t ime 

to collect 
1 

7 
4 
3 

Pr ivate 

Twice per week 
$3 . 00 
4 

1-6 per week 
Based on conta iner 

size and frequency 
2 

3 
2 
3 

SANITARY LANDFILL 

Municipal and 
county 

Trench and 
area 

- so acres 

30 year s  
lb 

None 

Pr ivate and 
county 

Trench 

480 acres 

30 year s  
2b 

None 

PERSONNEL 

Loving 

Municipal 

Once per week 
$2 . 00 
1 

None 

0 
0 
1 

Municipal and 
county 

Trench and 
area 
50 

30 years 
lb 

None 

aData from the Car lsbad Sanitation Department (October 1979 ) , Waste Control of 
New Mexico (Hobbs , October 1978 ) , and the Village of Loving (Oc tober 1979 ) . 

bFigures g iven do not include equipment or personnel provided by the county 
for excavation .  

The city uses 14 garbage tr uck s ,  three of wh ich are at least 5 years old , to 
cover one conunercial and seven residential routes . The service area is  de
fined by the city limits . 

Hobbs . Solid-wa ste collection and disposal in Hobbs is provided by a pr i
va te firm using e ight veh icles to cover the four residential and two corraner
cial route s  in the c ity . The landfill site for Hobbs , located east of the 
city (Figure H-8 ) , is operated in conj unction with Lea County . The 480-acre 
site has an estimated li fe of  30  years . 
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Loving . 
provided by 
operated in 
trenches at 
30 year s .  

Solid-waste collec tion and disposal se rvice for Loving is 
the villag e .  The landfill s i te,  located northea st of Carl sbad , is 
conj unc tion with Eddy County , which excavate s the disposal 
the landfill s i te .  The s i te is new and has an e stimated life of 

Loving has one veh icle to provide th is service to the area def ined by the 
v illage l imi ts shown in Figure H-9 . The veh icle is more than 5 years old . 

H . 3 . 5  Local Government 

Car lsbad . A mayor-counc il form of c ity government serves the City of 
Car l sbad . The mayor is elected for a 2-year term� the counc il members are 
elected for 4-year terms . 

Revenues for Car lsbad we re about $10 . 4  mi ll ion in fiscal year 1978-1979 
( Table H- 24 ) . 

About 64' of Car lsbad revenues came from intergovernmental transfers in 
1978-1979 , with Sta te g ross-r ece ipts-tax d istr ibutions accounting for most of 
the State transfers .  In fac t ,  gross-rece ipts-tax revenues constitute the 
large st single source of revenues for the c ity , accounting for more than 22• 
of the 197 8-1979 total .  More than 52' of Car lsbad ' s  own-source revenues came 
from utili ties in 1978-19 79 . On the other hand , as in most New Mexico 
col'll!lunities , property taxes contr ibuted very li ttle to total �evenues ,  about 
l' of general-fund revenues in 1978-1979 and an additional l' to general
obligation-bond revenues for the year . 

In 1978-1979 ,  car lsbad munic ipal expend itures were $10 . 2  million (Table 
H- 25 ) . One-thi rd of a ll spending in the most recent f iscal year was for 
personal service s ,  20' went to operating expenses , and 40'  of the total 
spending was for capital improvements . Debt service accounted for 7' of the 
total expend iture s .  

The Const itution of the State of New Mexico limits the amount of general
obligation bonded debt that a munic ipality may incur wi thout voter approval 
to 20 mills , or $20 per $1000  of assessed property value . On the basis of an 
a ssessed valuation at the s tart of the 1978-1979 f iscal year of $ 47 . 2  million 
(NMDFA ,  1979a) , the general-obligation bonded-debt limit without voter 
approval for Car l sbad is $944 , 0 00 . As of June 30 , 1979 , Carlsbad had an 
outstand ing general-obligation bonded debt in the amount of $825 , 0 00 (NMDFA, 
1979b) . 

There are no limits on the amount of bonded debt for bonds other than 
general-obligation bonds , although many debt issues requ i re voter approval . 
The total debt outstanding for Car lsbad as of June 30 , 1979 , was $6 . 7  mill ion 
(NMDFA ,  19 79b) . 

Bobbs . Hobbs has a conmission-manager form of government ,  with a f ive
member commission .  Commission members are elected at large to 4-year over
lapping terms . A mayor is elec ted from the commission for a term of 2 years.  
A profe ssional c ity manager is  h i red by the commission. 
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Table H-24 . Car lsbad Municipal Revenues for 1978-1979 
( Thousands of Dollars ) a 

Source of revenue 
Actual 

revenuesa 

OWN-SOURCE REVENUES 

Taxes 
Property 
Franch ise 
Occupation 
Lodger s 

Charges and miscellaneous 
Licenses , permi ts , and fees 
Charges for services 

Utilit ies 
Solid-wa ste d isposal 
Other 

Fines and for f e i ts 
Inte rest on investments 
Sale of bonds 
Misce llaneous 

620 
2 13 
213 
113 

80 

3 , 102 
72  

1 , 941  
377 
222 
118 

27 
150 
194 

INTERGOVERNMENTAL TRANSFERS 

State 
Ga soli ne tax 
Cigarette tax 

'Gross-r ece ipts tax 
Fire-d istr ict allocation 
Auto- license d istr ibution 
Grants 

Federal 
Revenue shar ing 
Grants 

Transfer s ,  n . e . c . c 

Total 

2 , 679  
1 88 
117 

2 , 302  
30  

2 
40 

9 42 
224 
718 

3 , 109 

10 , 453 

Revenues in constant 
1979 dollarsb 

648 
223 
223 
118 

84 

3 , 24 2  
75 

2 , 0 28 
3 9 4  
232 
124 

29 
157 
203 

2 , 800  
196  
122 

2 , 406 
32 

2 
41 

985 ---

234 
751 

3 , 248 

10 , 9 22 

asased on the Car lsbad Budget Repor t ,  June 30 , 1979 , the Car lsbad 
Municipal Quar ter ly Cash Report ,  June 30 , 1979 , and the Car lsbad Muni
c ipal Quarte r ly Repor t ,  June 30 , 1978 . Because of the level of deta il 
in the source s ,  it was nece ssary to e st ima te the value s  for some reve
nue categor ies .  Deta il may no t  equal total because of rounding . 

bActual revenues adj usted by the Gross National Product Pr ice 
I ndex . I ndex value s  for thi rd and fourth quar ter s  e st imated . 

�ot elsewhere class i f i ed .  Source of these transfer s no t  clear . 
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Table H-25 . Car lsbad Municipal Expenditures for 1978-1979 
( Thou sands of Dollars ) a 

Actual Expend itures in constant 
Service function expendituresa 1979 dollarsb 

General government 1 , 9 46 2 , 0 33 
Per sonal services 338  354  
Operating expense 375 39 2 
Capital outlay 1 , 2 3 3  1 ,288  

Public safety 1 , 3 88 1 , 450 
Per sonal services 1 , 124 1 , 17 4  
Operating expense 187 195 
Capital outlay 77 80 

Pub lic works  5 , 435 5 , 679 
Personal services 1 , 627 1 , 700  
Ope rating expense 1 , 14 1  1 ,19 2 
Capital outlay 2 , 667  2 , 786 

Health and we lfare 3 1  3 2  
Personal services 29  31  
Operating expense 1 1 
Capital outlay 0 0 

Recr eation and culture 689 7 20 
Personal services 326 3 4 1  
Ope rating expense 2 87 300 
Capital outlay 76 79 

Debt -service 7 32 765 
General-obli gation bonds 85  89  
Revenue bonds 6 47 676 

Total 10 , 22 1  10 , 68 0  

aBased on the Car lsbad Budget Repor t ,  June 30 , 1979 , the Car lsbad 
Munic ipal Quar ter ly Cash Report ,  June 30 , 1979 , and the Carl sbad . Municipal 
Quarte r ly Repor t ,  June 30 , 197 8 . Because of the level of deta il in the 
source s , it was necessary to e stimate the values of some expendi ture 
items . Deta il may not equal total because of rounding . 

bActual expenditures adj usted by the Gross National Product Pr ice 
Index . I ndex values f or thi rd and fourth quar ters estimated. 
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Hobbs mun ic ipal revenues were about $13 . 5  million in 1978-1979 (Table 
H-26 ) . Intergovernmental transfers accounted for about 52% of 1978-1979 reve
nue s ,  mostly in the form of g ross-rece ipts-tax distr ibutions from State and 
Federal g rants . Utility operations provided a second maj or source of reve
nues--19% of own-source revenues and 9% of total revenues .  Proper ty taxes , 
i ncluding those allocated to debt service , accounted for about 2% of revenue s 
in  1978-1979 . 

Expend itures for Hobbs were $13 . 5  million in 1978-1979 (deta ils are given 
in Table H-27 ) . Spending for per sonal services amounted to approximately 30% 
of the total spend ing for 1978-1979 . Dur ing the same per iod operating 
expenses were about 19% of the total , and capi tal outlays were about 47% . 
Debt service required an add itional 4% . 

With an assessed valuation of $58 million (NMDFA, 1979a) , Hobbs has a debt 
l imit of $ 1 . 06 million on g eneral-obligation bonds that may be issued without 
voter approval .  The bonded debt may exceed the limit with voter approval .  

The cu r r ent (June 30 , 1979 )  general-obligation bonded debt for the c ity is  
$4 . 8  mi llion .  The total outstand ing bonded debt a s  o f  June 30 , 1979 , was 
$7 . 97 million (NMDFA,  1979b) . 

Loving . Loving has a mayor-counc il form of government .  The mayor and the 
five counc il members are elec ted for 4-year terms . 

Loving mun ic ipal revenues were $278 , 500 in 1978-1979 (Table H-28 ) . Ut ility 
fees were the largest single revenue source , contr ibuting 35% of total revenues 
in  1978-1979 . Local sources accounted for about 58% of total revenues ,  and 
intergovernmental transfers provided about 4 2% . 

Expend itures for Loving were $ 285 , 500 in 1978-1979 , or abou t $7000 more 
than revenues (Table H-29 ) .  Per sonal services and operating expenses each 
required about 30%  of 1978-1979 expend itures ,  wh ile capital outlays accounted 
f or 32% . Debt service was 7 %  of spending for the year . 

An assessed valuation of near ly $1 . 1 million as 
Loving a general-obligation debt limit of $21 , 560 . 
genera l-obligation bonds .  As of June 30 , 1978 , the 
nue bonds outstand ing (NMDFA,  1979c ) . 

of June 30 , 1978 , gave 
Loving has no outstand ing 
city had $10 2 , 0 00 in reve-

Eddy County. Eddy County revenues for fiscal year 1978-1979 were $5 . 2  
million (Table H- 30 ) . In 1978-1979 , 74%  of the revenues were from county 
sources ,  with taxes on oil-and-gas produc tion and equipment contr ibuting 24%  
of  total revenues . Property taxes accounted for about 17% of  the total for 
the year . 

Eddy County expend itures for 1978-1979 totaled $4 . 1  million (Table H-31 ) . 
General governmental functions and public wor ks accounted for most of the 
spend ing in 1978-1979 , with the former requir ing more  than 30%  and the latter 
4 1% of total county expend i tures . 

The assessed valuat ion of property in the county as of August 1 ,  1978 , was 
$ 4 55 mi llion (NMDFA ,  1979a ) . With the New Mexico l imit on county g eneral
obligat ion bonded debt of 4% of assessed valuation , Eddy County had a bond ing 
limit of $18 . 2  mi llion .  As of mid-1979 , the county had no g eneral-obligation 
bonds outstand ing . 
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Table B-26 . Hobbs Municipal Revenues for 1978-1979 
(Thousands of Dollars) 

Source of revenue 
Actual 

revenuesa 
Revenues in constant 

1979 dollarsb 

OWN-SOURCE REVENUES 

Taxes 997 1 , 0 4 2  
Property 379 396  
Franchise 257 269 
Occupatiai 16 17 
Gross receipts 321 336 
Oil and gas 23 24 

Charges and miscellaneous 7 , 37 5  7 ,706  
Licenses ,  permits , and fees 4 1  43 
Charges for services 

Utilities  1 , 629 1 , 70 2  
solid-waste d isposal 6 19 6 47 
Other 307 320 

Fines and for fe its 190 198 
Interest on investments 729 761 
Sale of bonds 3 , 7 16 3 , 883 
Mi see llaneous 145 15 1 

INTERGOVERNMENTAL TRANSFERS 

State 4 , 7 0 4  4 , 916 
Gasoline tax 268 280 
Cigarette tax 173 18 1 
Gross-rece ipts tax 3 , 831 4 , 00 3  
Fire-distr ict allocation 24 25 
Au to- license d istr ibution 8 1  8 4  
Grants 328 342  

Federal 4 , 56 1  4 , 765 
Revenue shar ing 144 151 
Grants 4 , 4 16 4 , 6 15 

Transfers , n . e . c.,c 4 4 

Total 17 , 6 40 18 , 43 3  

aoata from the Bobbs Municipal Repor t ,  June 3 0 , 1979 . Detail may 
not equal total because of rounding . 

bActual revenues adjusted by the Gross National Product Pr ice 
Index. Index values for third and fourth quarters e stimated. 

CNot elsewhere classified . Source of these transfers not clear . 
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Table H-27 . Hobbs Mun ic ipal Expend itures for 1978-1979 
( Thousands of Dollar s ) a 

Actual Expend itures in constant 
Service function expendituresa 1979 dollarsb 

General government 1 , 6 44 1 , 718 
Per sonal services 602  629  
Operating expense 670 700 
Capital outlay 373 390 

Public safety 2 , 1 06 2 , 20 1  
Per sonal services 1 , 9 12 1 , 998 
Operating expense 123 129 
Capital outlay 71  74 

Public works  7 , 9 35 8 , 29 2 
Per sonal services 846 884 
Operating expense 1 , 339  1 , 3 99 
Capital outlay 5 , 7 5 1  6 , 009 

Health and we lfare 540 564 
Per sonal services 164 17 1 
Operating expense 334 349  
Capita l outlay 42  44 

Recreation and culture 765 -: 799 --
Per sonal services 486 508 
Operating expense 132 138 
Capita l outlay 147 154 

Debt service 5 22 545 
General-obligation bonds 17 3 181 
Revenue bonds 3 48 364 

Total 13 , 512 14 , 120 

aData from the Hobbs Mun icipal Repor t ,  June 30 , 1979 . Deta il may 
not equal total because of rounding . 

bActual expend itures adj usted by the Gross National Product Pr ice 
I ndex .  I ndex values for thi rd a nd  fourth quar ters  e st imated . 
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Table H-28 . Loving Municipal Revenues for 1978-1979 
( Thousands of Dollars ) a 

Source of revenue 
Actual 

revenuesa 

OWN-SOURCE REVENUES 

Taxes 
Property 
Franch ise 
Occupation 
Gross receipts ( 1/4%) 

Charges and miscellaneous 
Licenses ,  permits , and fees 
Charges for services 

Utilities 
Solid-waste d isposal 
Other 

Fines and for fe its 
Misce llaneous 

16 . 7  
2 . 6  
8 . 2  
1 . 8  
4 . 2  

145 . 8  
1 . 3  

98 . 3  
14 . 6  
18 . 7  

9 . 5  
3 . 4  

INTERGOVERNMENTAL TRANSFERS 

State 
Gasoline tax 
C igarette tax 
Gross-rece ipts tax 
Fire-distr ict allocation 
Grants 

Federal 
Revenue shar ing 
Grants 

Local 

Total 

4 1 . 8 
5 . 0  
2 . 8  

16 . 6  
15 . 9  

1 . 4  

16 . 3  
16 . 1  

0 . 2  

57 . 9  

278 . 5  

Revenues in constant 
1979 dollarsb 

17 . 4  
2 . 7  
8 . 6  
1 . 8  
4 . 3  

152 . 4  
1 . 4  

102 . 7  
15 . 2  
19 . 6  

9 . 9  
3 . 5  

43 . 7  
5 . 2  
3 . 0  

17 . 3  
16 . 6  

1 . 5  

17 . 0  
16 . 8  

0 . 2  

60 . 5  

291 . 0  

aoata from the Loving Municipal Report ,  June 30 , 1979 . Detail 
may not equal total because of rounding . 

bActual revenues adj usted by the Gross National Product Pr ice 
I ndex .  I ndex values for thi rd a nd  fourth quar ters  e st imated. 
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Table H-29 . Loving Mun ic ipal Expenditures for 1978-1979 
( Thousands of Dollar s)  

Service func tion 

General government 
Persona l services 
Operating expense 
Capita l outlay 

Public safety 
Personal services 
Operating expense 
Capita l outlay 
Lease pur chase payment 

Public wor ks 
Per sonal services 
Operat ing expense 
Capital outlay 

Health and we lfare 
Per sonal serv ices 
Operating expense 
Capital outlay 

Rec reation and culture 
Per sonal serv ices 
Operat ing expense 
Capi tal outlay 

Debt serv ice 
General-obligation bonds 
Revenue bonds 

Total 

Actual 
expend ituresa 

32 . 1  
11 . 6  
20 . 2  

0 . 2  

70 . 0  
30 . 4  
16 . 2  
22 . 6  

0 . 8  

148 . 7  
40 . 5  
45 . 4  
62 . 8  

5 . 3  
4 . 4  

0 
0 . 9  

9 . 8  
0 . 2  
3 . 6  
6 . 0 

19 . 7  
0 

19 . 7  

285 . 5  

Expenditures in constant 
1979  dollarsb 

33 . 5  
12 . 2  
21 . 1  

0 . 2  

73 . 2  
31 . 8  
16 . 9  
23 . 6  

0 . 8  

155 . 4  
4 2 . 3  
47 . 4  
65 . 6  

5 . 6  
4 . 6  

0 
1 . 0  

10 . 2  
0 . 2  
3 . 8  
6 . 2  

20 . 6  
0 

20 . 6  

2 98 . 4 

aData from the Lov ing Mun icipal Quarte r ly Repor t ,  June 30 , 1979 . 
Deta il may not equal total because of rounding .  

bActual expend itures adj usted by the Gross National Product Pr ice 
I ndex .  Index value s  for thi rd and fourth quar ters  estima ted . 
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Table H- 30 . Eddy County Revenues for 1978-1979 
(Thou sands of Dollar s) 

Source of revenue 
Actual 

revenuesa 
Revenues in constant 

1979 dollarsb 

OWN-SOURCE REVENUES 

Taxes 
Property 
Oil and ga s 
Lodgers 
Spec ial 

Charges and miscellaneous 
Licenses , permits , and fees 
Charges for services 
Fines and for fe its 
Interest on investments 
Payment in lieu of taxes 
M isce llaneous 

2231 
910 

1259 
16 
45  

16 32 
ll6 

1 
1 

380 
916 
218 

INTERGOVERNMmfrAL TRANSFERS 

State 
Gasoline tax 
C igarette tax 
Motor-veh icle tax 
Fi re-d is tr ict allotments 
Miscellaneous 

Federal 
Revenue sha r ing 
Taylor Grazing Act 
Miscellaneou s 

Total 

557 
28 

3 
429 

93 
5 

802 
752 

44 
6 

5222 

2331 
951 

1316 
17 
47 

1706 
121 

1 
1 

397 
957 
228 

582 
29 

3 
448 

97 
5 

838 
786 

46 
6 

5457 

aoata from the Eddy County Treasurer ' s  Financ ial Repor t for June 
19 79 . Deta il may not equal total because of round ing . 

bActual revenues adj usted by the Gross Nat ional Product Pr ice Index. 
Index values for the thi rd and fourth quarters e st imated. 
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Table H-3 1 .  F.ddy County Expenditures for 1978-1979 
(Thousands of Dollar s )  

Actual Expenditures in constant 
Service function expend ituresa 1979 dollar sb 

General government 1270 1 327 
Per sona l services 518 541  
Operating expense 670 700 
Capita l outlay 83  86  

Public safety 713 745 
Per sona l services 360 377 
Operating expense 252 263 
Capital outlay 100 10 5 

Public wor ks 1671 1746 
Per sonal services 717 750 
Operating expense 687 718 
Capital outlay 267 27 9 

Health and we lfare 349 365 
Per sonal services 16 16 
Operating expense 3 16 3 30 
Capital outlay 18 19 

Rec reation and culture 96 100 
Personal services 0 0 
Operating expense 51 54 
Capita 1 outlay 44 46 

Total 4099 4284  

aF.ddy County Budget Repor t for month end ing June 30 , 1979 . Deta il 
may not equal total b ecause of round ing . 

bAnnual expend itures adj usted by the Gross National Product Pr ice 
I ndex . I ndex values for th i rd and fourth quar ters estima ted . 

Lea County. Lea County revenues in fiscal year 1978-1979 were $5 . 5  mill ion 
( Table H- 32 ) . At $ 1 . 9 mi llion ,  oil-and-gas production and equipment taxes 
provided 3 5 %  of county revenues in 1978-1979 . Property taxes contr ibuted an 
add itional 16 % .  Overall , county sour ces accounted for 73%  of total revenue s .  

Expend iture s for 1978-1979 were $4 . 2  mi llion ( Table H-3 3 ) . Spend ing on 
public works accounted for 45 % of county expend itures in 1978-1979 , and 
general government func tions required 30 % .  

The total a sse ssed va luation of property in Lea County as of August 1 ,  
1978 , was $596 mi llion . The general-obligat ion-bonded debt limit ( 4% of 
a sse ssed valuation) was $2 3 . 8  mi llion in mid-1978 . Lea County has no 
outstand ing genera l-obligat ion bond s .  
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Table H-32 . Lea County Revenues for 1978-1979 
(Thousands of Dollars) 

Source of revenue 
Actual 

revenuesa 
Revenues in constant 

1979 dollarsb 

OWN-SOURCE REVENUES 

Taxes 28 10 
Property 8 89 
Oil and gas 1921 

Charges and miscellaneous 1233 
License s ,  permits , and fees 110 
Charges for services 100 
Fines and for feits 25 
Interest on investments 639 
Payment in 1i eu of taxes 307 
M isce llaneous 53 

INTERGOVERNMENTAL TRANSFERS 

Sta te 
Gasoline tax 
Motor-veh icle tax 
C igarette tax 
Fi re-d istr ict allotments 

Federa l 
Revenue shar ing 
Tayl9r Gra z ing Act 
Grants 

Total 

518 
10 

484 
2 

22 

980 
6 25 

21 
334 

554 2 

aoata from the Lea County Budget Off icer s Repor t ( Deta il of 

2937 
929  

2007 

1289 
115 
104 

26 
667 
321 

56 

542 
11 

506 
2 

24 

10 24 
653 

22 
3 50 

5791 

Rece ipts ) ,  June 29 , 1979 . Deta il may not equal total because of round ing . 
bActual revenues adj usted by the Gross National Product Pr ice Index. 

Index values for the thi rd and fourth quar ter s  e st imated. 
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Table H-33 . Lea County Expend itures for 197 8-1979 
( Thousands of Dollars)  

Actual Expenditures in constant 
Service func tion expend ituresa 1979 dollarsb 

General government 1 ,293 1 , 3 51 
Per sonal services 487 509 
Operating expense 3 98 416 
Capital outlay 407 425 

Public safety 674 7 04 --

Per sonal service s  405 423 
Operating expense 16 1 168 
Capital outlay 108 112 

Public works  1 , 895 1 , 980 
Personal services 724 756 
Operating expense 6 48 677 
Capital outlay 523 547 

Health and we lfare 372 388 --

Personal service s  46 48 
Operating expense 201 210 
Capital outlay 125 130 

Rec reation and cultu re 10 10 
Per sonal services 0 0 
Operating expense 10 10 
Capita l ou tlay 0 0 

Total 4 , 243 4 , 43 3  

aoata from the Lea County Budget Officers Repor t ,  June 30 , 1979 . 
Deta il may not equal total because of round ing . 

bActual expend iture s adj u sted by the Gross National Product Pr ice 
Index . Index values for thi rd and fourth quarters  e st imated . 
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School-d is tr ict finances 

Car lsbad . Car lsbad School Distr ict C,  which encompasses most of southern 
Eddy County , had total revenues of $23 . 1  million in 1978-1979 (Table H-34 ) . 
Some 42% of tota l resource s were allocated to the operat ional fund . State 
sources provided 77 % of ope rational fund income r local source s  provided 22% . 
The largest single source of income for the year was a bond sale , which yield
ed $9 . 23 mi llion ,  or near ly 40% of r ece ipts for 1978-1979 . 

D istr ict expend iture s totaled $15 . 2  mi llion in 1978-1979 , about $ 8  mi llion 
le ss than i ncome (Tables H-34 and H- 35 ) . Operat ional expend itures accounted 
for 68% of tota l spend ing , with direc t- instruc tion costs contr ibuting the 
large st single share ( 34% ) . 

The tota l assessed valuat ion of property in the distr ict in 1977 was $214 
mi llion,  up 17% from the previous year . A total school-d istr ict tax rate of 
$ 10 . 9 25 per $10 0 0  of assessed valuat ion was in effect dur ing both 1976-1977 
and 1977-1978 . In 1978-1979 the tax rate was $17 . 509 (NMPSFD , 1978 ) . 

Hobbs . Hobbs School Distr ict 16 , which includes much of central Lea 
County , had a 1978-1979 income of $12 . 6  million (Table H-34 ) . About 85% of 
the tota l d istr ict income went to the operat ional fund . State sources pro
vided more than 82% of operational- fund revenues , wh ile local sources provided 
17 % .  

A total of $12 . 7  mi llion wa s  spent by the distr ict in 1978-1979 (Table 
H- 35) . Of th is total , $ 10 . 6  million ,  or 84% , were ope rat ional expend itures , 
ch iefly for direc t instr uc tion . 

The proper ty in the distr ict had a tota l assessed value of $164 mi llion in 
1977 , an i ncrea se of 9 . 5 % over the previous year . The d istr ict tax rate for 
1978-1979 wa s  $11 . 58 0  per $1000  of assessed valuat ion , down from $11 . 780 for 
the previous year (NMPSFD , 1978 ) . 

Loving . Loving School Distr ict 10 , wh ich runs in a nar row band from 
Loving to the Eddy and Lea County line , had total revenues of $ 7 5 2 , 000 in 
1978-1979 (Table H-34 ) .  Operational-fund revenues accounted for 74% of the 
total . State sour ces ,  pr imar ily from property-tax equalization, provided 69% 
of operat ional fund revenues ,  wh ile local sources provided 30% . 

D is tr ict expend itures amounted to $ 785 , 0 00 in 1978-1979 (Table H-35 ) . 
Operat iona l-fund expend itures accounted for nearly 80% of total spend ing , 
wh ile spec ial proj ects accounted for the rema in ing expend itures . 

The tota l assessed valuation of property in the Loving distr ict in mid-1977 
was $6 . 6  million, up 3 . 4% from the previous year . The d i s tr ict tax levy in 
e ffect for the 1978-1979 school year was $ 10 . 9 25 per $1000 of assessed valua
tion , the same tax rate as that for the previous 2 years (NMPSFD , 1978 ) . 
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Table H-34 . School Distr ict Revenues for 1978-1979 
( Thousands of Dollar s)  

Actua l revenuesa 
Revenues in constant 

1979 dollar sb 

Source of revenue 

Operational fund 
Local sources 

Distr ict school
tax levy 

Other 
State sources 

State equalization 
Transpor tation 
Other 

Federal sources 
Public Law 87 4 
Other 

Abatements 
Debt service funds 

Interest fund 
Pr i nc ipal fund 

Build ing funds 
Sale of bonds 
Earn ing s from 

investments 
Other 

Federal-projec ts fund 
Capital- improvement fund 
Activ ity and cafeter ia 

funds  
Other funds 

Total 

Car l sbad Hobbs Loving 

9 , 706 

1 , 988 
105 

6 , 9 5 1  
372 
158 

146 
34 

( 4 2 )  
1 ,  220 

453  
767 

9 ,  7 26 
9 , 230 

494  
2 

754 
467 

1 , 026 
243 

23 , 142 

10  , 6 21 

1 , 62 3  
203 

8 , 3 9 2  
275 

84 

0 
43 
( 3 )  

457 
56 

401  
21  

0 

20 
( c )  

326 
76 

1 , 0 5 2  
0 

12 , 55 3  

5 5 3  

146 
20 

350 
25 

5 

3 
4 
0 

( c )  
( c) 
(c )  
0 

103 
42 

54 
0 

752 

Car lsbad Hobbs Loving 

10 , 142 

2 , 077 
110 

7 , 263  
3 89 
165 

153 
36 

( 4 4 )  
1 , 275 

474 
801 

10 , 16 3 
9 , 645  

516 -
2 

788 
488 

1 , 07 2  
254 

24 , 18 2  

11 , 09 8  

1 , 6 9 5  
212 

8 , 769  
287  

87 

0 
44 
( 3 )  

478 
58 

4 19 
22 

0 

21 
(c )  

341  
79  

1 , 09 9  
0 

13 , 117 

578 

153 
21 

366 
26 

5 

3 
4 
0 

( c )  
( c)  
( c )  
0 

108 
4 4  

56 
0 

786 

aData from the "Monthly Cash Repor t" and the "Monthly Activity Repor t , "  
1978-1979 , for the Car lsbad , Hobbs , and Loving School D istr icts . Deta il may 
not equal total because of round ing . 

bActual revenues adj usted by the Gross National Product Pr ice Index . 
I ndex values for the thi rd and fourth quarters e s t imated. 

CLess than $ 50 0 .  
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Table H-35 . SchoOl Distr ict Expenditures for 1978-1979 
( Thousands  of Do llar s )  

Actual expend ituresa 
Expend iture s  in constant 

1979 dollarsb 

Expend itures Car l sbad Hobbs Loving Car l sbad Hobbs Loving 

Administration 
Direct instr uction 
Instruc tional suppor t 
Health services 
Pupil transpor tation 
Operation of plant 
Maintenance of plant 
Fixed charges 
Food services 
Noninstr uc tional s upport 
Community services 
Capital outlay 
Spec ial projec ts 

Subtotal 

Build ing fund 
Debt service 
Spec ial projec ts 

Total 
-

327 
5 , 163 
1 , 3 49 

76 
402 
8 15 
357 

1 , 3 19 
8 

172 
34 

179 
47 

10 , 2 47 

2 , 223 
252 

2 , 44 5  

15 , 168 

309 
5 , 873 
1 , 140 

47 
273 
9 30 
316 

1 , 237 
0 

71 
57 

339 
23 

10 , 6 13 

62 
572 

1 , 447 

1 2 , 695 

37 
307 

82 
4 

25 
50 

8 
78 

0 
4 

17 
15 

0 

6 27 

0 
0 

158 

785 

342 
5 , 395 
1 , 4 09 

79 
420 
851 
373 

1 , 378 
8 

180 
35 

187 
49 

10 , 7 07 

2 , 3 23 
263 

2 , 55 5  

15 , 849 

323 
6 , 137 
1 , 192 

50 
285 
972 
330 

1 , 292 
0 

74 
60 

352 
24 

11 , 090 

65 
598 

1 , 512 

13 , 266 

aData from the "Monthly Budget Repor t , "  1978-1979 , for the Car lsbad , 
Hobbs , and Lbving School Distr icts . Deta i l  may not equal total because of 
round ing . 

38 
321 

85  
4 

26 
5 2  

9 
8 2  

0 
5 

18 
16 

0 

655 

0 
0 

165 

8 20 

bActuai expend itures adj u sted by the Gross National Product Pr ice Index . 
Values for the thi rd and fourth qua r ters  e st imated.  
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H. 4 METEOROLOGY 

H . 4 . 1  Regional C l imate 

The information used to evaluate the climate of the reg ion surrounding the 
WI PP s i te consisted of C l imatological Data summar ies for r ecord ing stations in 
New Mexico , Local Climatological Data summar ies for Roswell , New Mexico , and 
wind summar ies for Lubbock , Midland-Odessa ,  and El Pa so , Texas .  The clima to
log ical data were obta ined from the Nat ional Climatic Center of the National 
Ocean ic and Atmospher ic Admin istration .  Prec ipitation and temperature summa
r ies from stations at Car lsbad , the Duval potash mine , Jal , Pear l ,  and Ochoa 
were al so i ncluded because of the ir proximity to the WI PP s i te .  The Local 
Climatological Data summar ies provided extreme and normal values of the mete
orolog ical parameter s ( f or the per iod of record at the Roswe ll Munic ipal Air
por t and more recent data from the Roswell Industr ial Air Cente r )  that were 
used to char ac ter ize the regional climate . 

Genera l climate 

The climate of the reg ion is semiar id , with generally mi ld temperatures ,  
low prec ipi tation and humid ity , and a h igh evaporation ra te .  Winds are most 
commonly from the southeast and moderate . Dur ing the winter , the weather is 
dominated by a h igh-pre ssure system of ten s ituated in the central portion of 
the Western Un ited Sta te s  and a low-pressure system commonly located in nor th
central Mexico . Dur ing the summer , the reg ion is affected by a low-pre ssure 
system normally situated over Ar izona . The reg ional climate is signif icantly 
affec ted by these large-scale pre ssure systems and the ir sea sonal var iations 
( EDS ,  1968 : Baldwin , 197 3 : NOAA , 197 4 ) . 

The reg ion , meteorolog ically referred to in New Mexico as the Southeastern 
Pla ins , is an area of over 30 , 0 00 square miles that marks the wes tern extrem
ity of the Great Pla ins , wh ich end at the Sacramento and Guadalupe Mounta ins 
40 to 60 miles we st of the s i te .  It  is bounded on the east and south by an 
eros ional escarpment in central Texas . Elevations range from less than 3000  
feet in the south and east to more than 40 00 feet in the north,  with the down
slope to the east and south averag ing 600  feet per 100 miles . The terra in is 
charac ter iz ed by g ently rolling h i lls of moderate relie f ,  d issec ted by many 
small stream valley s .  

Moderate temperatures are typical throughout the year , although seasonal 
changes are d istinct.  Mean annual temperatures in southea stern New Mexico are 
near 60°F (Eag leman , 1976 ) . Temperatures in December through February show 
a large d iurnal var iat ion ,  averag ing 36°F at Roswe ll ( the nearest National 
Weather Service station with appropr iate data and an adequate per iod of re
cord) . Although on approximately 7 5 %  of winter days mor n ing temperatures are 
below f reez ing , afternoon maximum temperatures ave rage we ll up in the f ifties , 
and afte rnoon winter  temperatures of 70°F or more are not uncommon . Night
time lows average near 23°F ,  occasionally dipping as low as 14°F . There 
are perhaps only 2 or 3 winter days when the temperature fa ils to r ise above 
free zing .  The lowe st recorded temperature at Roswell was -29°F , in February 
190 5 .  Dur ing June through August , the temperature is above 90°F approxi
mate ly 75% of the day s ,  with read ing s of l00°F or higher occurr i ng on a num
ber of afternoons . However ,  even the hottest month ,  July , with average da ily 
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tempera ture s in the upper seventies , will have morning lows below 68°F .  The 
h ighest recorded temperature at Roswell wa s llO°F ,  in July 1958 (NOAA, 197 4 ) . 

Precipitation in the reg ion is light and unevenly d i s tr ibuted through the 
year , averag ing 11 to 13 inches ( Table H-36 ) (NOAA , 197 2-1976 ) .  Winter is the 
sea son of least prec ipitation ,  averaging le ss than 0 . 6  i nch of rainfall per 
month . Snow averages about 5 inches per year ( Baldwin, 197 3 )  and seldan re
mains on the g round for more than a day at a t ime because of the typically 
above-freezing temperatures in the afternoon. Approximately half the annual 
precipitatia'l comes f rom f requent thunderstorms in June through September .  
Ra ins are usually brief but occasionally intense when moisture from the Gulf 
of Mexico spreads over the region . The minimum annual precipitation measured 
dur ing the last 4 0  year s  at Roswell wa s 4 . 3 5 inches,  in 1956 1 the maximum 
recorded was 32 . 9 2  inches,  in 19 4 1 .  The maximum monthly prec ipitation wa s  
9 . 56 inches , in Augu st 1916 1 the maximum 24-hour ra infall was 5 . 6 5  inches , i n  
November 1 9 0 1  (!l>AA, 1974 ) . 

Preva iling winds are from the south . The normal mean wind speed at Ros
well is 9 . 6  mph ( see Table H- 37 ) (!l>AA, 1974 ) . 

Heavy prec ipitation 

The maximum cumulative ra infall (Jenning s ,  196 3 )  at Roswell is shown in 
Table H-38 1 the max imum 24-hour rainfall was 5 . 65 i nche s ,  in Oc tober 190 1 .  
The maximum 24-hour snowfall in Roswell was 15 . 3  inches , in December 1960 . 
The g rea te st snow accumulation over a 1-month per iod was 23 . 3  i nche s ,  in Feb
r uary 1905 (!l>AA , 197 4 ) .  

Thunder storms and ha il 

The reg ion exper iences about 33 thunderstorm days annually , with about 
80% occurr ing f rom May to September (!l>AA, 1978) . A thunderstorm day is re
corded if thunder is heard 1 the record is not related to observations of rain 
or l ightn ing and does not i nd icate the sever ity of the s torms exper ienced in 
the reg ion . 

Hail is most likely in Apr il through June and is not likely to develop 
more than three t imes a year . Dur ing a 39-year per iod at Roswell , ha il wa s  
observed 97 times ( about 2 . 5  times pe r  year ) , occurr ing nearly two-thirds of 
the t ime between Apr il and June (U . S .  Ar�, 19 58 ) . For the 1-deg ree square 
surround ing the WIPP site (32o to 3 30 N by 1030 to 1040 W) hailstones 
0 . 75 i nch or larger - were reported e ight times from 19 55 to 1967 ( s lightly less 
than alee per year)  and wind storms with speeds of 50 knots or higher occurred 
10 t imes--a�rox imately one per year ( Pautz , 1969) . 

Tornadoes 

For the per iod 1916-1958 , 75 tornadoes we re reported in New Mexico on 58 
tornado days ('Wolford, 1960 ) . Data for 1956 through 1974 i nd icate a sta te
wide to tal of 191 tornadoes on 14 1 tornado days (NOAA , 197 5 ) , or an average of 
10 tornadoes per year on 7 tornado days . The grea te st number of tornadoes in 
1 year was 18 1 the least wa s  2 .  Most tornadoes occur in May and June ( Pautz , 
1969 ) . From 19 55 through 1967 , 15 tornadoes were reported in the 1-degree 
square conta ining the site (Markee et al . , 197 4 ) . 
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Table H-36 . Prec ip itat ion Rate s for Southeastern New Mex icoa 

Station 
and Eleva-
d htance t i  on 
from above MSL Precipitat ion ( inches) 

WIPP (mi) ( f t) Jan . Feb. Mar . Apr . May June July Aug . Sep. Oc t .  Nov. Dec. Ann. 1972 I97'3 l974 1915 1976 

Carlsbad , 3 , 1 20 0 . 37 0 . 78 0 . 24 0 .01 1 . 07 1 . 31 2 . 46 1 . 54 4 . 51 1 . 9 4  0 . 38 0 . 28 14 . 96 18 .74 1 1 .47 2 3 . 11 10 . 2 2  1 1 . 26 
25 ( 0 . 45 )  ( 0 . 30 )  ( 0 .  51) ( 0 . 48 ( 1 . 51 ) ( 1 . 44 )  ( 1 . 62 )  ( 1 .  76) ( 1 . 61 )  ( 1 . 47 )  ( 0 . 35 )  (0 . 41)  ( 1 1 . 91 )  

Duval 3 , 520 0 . 53 0 . 67 0 . 37 0 . 3 3 1 . 24 0 . 50 3 . 1 1 1 .  79 4 . 2 9  1 . 92 0 . 46 0 . 24 15 . 46 17 . 3 1  11 . 91 19 .49 13.92  14 . 69 
potash 

:J:l mineb I 12 -..J \0 
Jal ,  31 3 , 149 0 . 4 3  0 . 53 0 . 36 0 . 51 1 . 2 3  1 . 15 2 . 40 1. 72 2 . 88 1 . 33 0 . 2 8  0 . 14 1 2 . 96 8 . 16 9 . 8 3  20 . 57 13 . 68 1 2 . 56 

( 0 . 51)  (0.  30) ( 0 . 48)  ( 0 . 65) (1. 52)  ( 1 . 31 )  ( 1 . 63 )  ( 1 . 60)  ( 1 . 48) ( 1 . 39)  (0 . 74) ( 0 . 42 )  ( 1 1 .  67) 

Pear l ,  25 3 , 799 0 . 3 5  0 . 69 0 . 3 2  0 . 3 2  2 . 01 2 . 19 3 . 74 2 .08 3 . 81 1 .  50 0 . 39 0 . 20 17 . 54 17 . 9 2  11 . 62 22 . 10 2 4 . 6 8  11.87 
( 0 . 40 )  ( 0 . 34 )  ( 0 . 52 )  ( 0 . 64 )  ( 1 .  7 9 )  ( 1 . 68)  ( 2 . 11 )  ( 1 . 9 5) ( 1 . 80)  ( 1 . 31 )  (0 . 3 3 )  (0 . 43)  (13 . 32 )  

Ochoa , 22 3 , 458 0 . 53 0 . 55 0 . 3 1  0 . 24 1 . 15 0 . 89 2 . 25 2 . 18 3 . 16 0 . 96 0 . 25 0 . 13 1 2 . 7 4  8 . 86 9 . 43 19 . 14 1 1 . 65 1 4 . 64 
( 0 . 49 )  ( 0 . 30 ) ( 0 . 51)  ( 0 . 63 )  ( 1 . 38)  ( 1 . 35 )  ( 1 . 48)  ( 1 . 19 )  ( 1 . 53)  ( 1 . 24 )  (0 . 40) (0 . 32 )  ( 11 . 17 )  

aMonthly an d  annua l average precipitation for the years 1971-1976 , and normal prec ipitat ion ( shown i n  parentheses1 based o n  per iod 1941-1970) for 
stations in southeastern Nev Mexico. 

�rmal values not ava ilable. 



Table H-37 . Normal Mean Wi nd Speeds for Roswell , New Mexico , 194 1-1970 

Mean wind Mean wind 
Month speed (mph ) Month speed (mph) 

January 8 . 4 July 9 . 4  
February 9 . 8  August 8 . 4  
Mar ch 11 . 5  September 8 . 3 
Apr il 11 . 8  October 8 . 2  
May ll . 4  November 8 . 5  
June 10 . 8  December 8 . 4  

Table H-38 . Maximum Cumulative Ra infall at Roswell , New Mexico , for 
Var ious Time Per iodsa 

Maximum cumulative ra infa ll ( i nches)  
5 min 10 min 15 mi n 30 min 60 min 

Roswe ll 0 . 55 1 . 0 1 1 . 34 1 .  7 1  2 . 22 
Date 6/6/30 6/6/30 5/12/50 5/12/50 9/14/2 3 

2 hr 3 hr 6 hr 12 hr 24 hr 

Roswe ll 2 . 88 3 . 3 8 4 . 8 2 5 . 19 5 . 65 
Da te 9/16/23 8/8/16 8/7/16 8/7/16 10/3 1/0 1 

aper iod of record 190 5-19 6 1 ,  except for the 24-hour ra infall , for 
wh ich the per iod of r ecord is 189 5-196 1 .  

Thom ( 196 3 )  has developed a procedure for estimating the probability of a 
tornado ' s  str iking a g iven point . The method uses a mean tornado path length 
and width and a site-spec ific frequency . Applying Thom ' s  method to the WIPP 
s i te yields a po int probabi lity of 0 . 0008 1  on an annual bas i s ,  or a recurrence 
interva l  of 1235 years . An analysis by Fuj ita ( 1978 ) yields a point tornado
recurrence interval of 2832 years in the Pecos River valley . 

Accord ing to Fuj ita ( 1978 ) ,  the design-basis tornado with a million-year 
retu rn per iod has a maximum wind speed of 183 mph , a rotational speed of 146 
mph , a maximum translationa l speed of 37 mph , a minimum translational speed 
of 5 mph , a maximum-rotational-speed rad ius of 150 f eet,  a pressure drop of 
0 . 69 ps i ,  and a pressure-drop rate of 0 . 08 psi/sec . 

Freezing prec ipi tation 

The reg ion can expect about 1 day of freez ing rain or dr izzle per year 
(U . S .  Army , 1958) . An ice accumulation of more than 0 . 25 inch has not been 

observed . Any ice accumulation that does occur is th in because of the scar
city of precipitation dur i ng the winter months and because dayt ime temper
atures r ise well above freez ing . 
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Strong windf'. 

The faste st-mile winds*  recorded at the Roswe ll Industr ial Air Cente r 
dur ing a 6-year per iod of r ecord are shown in Table H-39 (NOAA , 1978 ) . The 
faste st observed 1-mi nu te wind ever recorded at Roswe ll wa s 7 5  mph from the 
we st in Apr il 1953  (NOAA, 1978 ) . The 100-year-· recurr ence 30-foot-level wind 
speed in sou thea stern  New Mexico is  8 2  mph . The mean recurrence interval for 
h igh w i nd speeds at 30 feet above the g round i n  southea stern New Mexico is 
shown in Table H-40 (ANSI , 197 2 :  Thorn , 1968 ) .  

Month 

January 
February 
Mar ch 
Apr il 
May 
June 

Table H-39 . Fa ste st-Mile Wind Speeds at Roswell , New Mex ico 

Speed (mph ) Direc tion Month Speed (mph) 

47 NW July 42  
56  NW August 44 
52 NW September 40 
48 SW October 44  
60  NW November 65 
73 NW December 58  

Di rect ion 

NE 
NW 
NE 

(a )  
NE 
SW 

aThis speed wa s measured on a 1-minute anemometer as 4 4  mph from 220  
deg rees (approx imately southwe st) . 

Table H- 40 . Rec urrence Intervals for High Wind sa 

i n  Sou theastern New Mex icob 

Recurrence (years )  

2 
10 
25 
50 

100 

aFastest mile . 
bData from Thom ( 1968 ) . 
CAt 30  feet above the ground . 

Speed (mph} c 

58  
68  
72  
80  
8 2  

*The faste st-mi le wind speed listed for each month i s  the fa ste st speed 
determined dur ing that month by mea sur ing the t ime tak en for a 1-mi le-long 
column of a i r  to pass a measur ing instrument . These are averages , for 
example , over a per i cx3  of 1 . 25 minu tes at 48 mph .  
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Sea son 

Spr ing 
Summer 
Fall 
Wi nter 

Table H-4 1 .  Seasonal Frequenc ies of Invers ionsa 

Inversion f requency 
(% of tota l hour s )  

32 
25 
36 
47 

Frequency (%) of 24-hr per iods 
with at lea st 1 hr of inver

sion based below 500 ft 

65 
68 
72 
80 

aoata from Hosler ( 1961) . 

Inversions and h igh a ir-pollu tion potential 

Hos ler ( 1961)  and Holzwor th (1972 ) have analyzed records from several 
National Weather Service stations with the obj ective of charac ter i z ing the 
atmospher ic-d ispers ion potentia l .  Seasonal frequenc ies o f  invers ions based 
below 5 00 f eet for the region are shown in Table H-4 1 .  A large number of 
these invers ions are diurnal ( induced by solar rad iation) as a consequence of 
the elevation and the continental climate . 

Holzwor th (197 2 )  gives est imates of the average depth of vert ical m1x1ng , 
wh ich ind ica tes the thickne ss of the atmospher ic layer ava ilable for the mix
ing and disper sion of e ffluents . The seasonal afternoon mixing depths for the 
reg ion (Table H-42 ) range f rom 1320 meters in the winter to 30 50 meter s  in the 
summer . 

Table H-42 . ·  Da ily Mixing Depths :  Seasonal Values 

Sea son 

Spr ing 
Swrmer 
Fall 
Winter 
Annual 

H . 4 . 2  S i te Clima te 

Da ily afternoon m1x1ng 
depth (meter s )  

2800 
3050 
2000 
1320 
2400 

On-site meteoro log ical data we re used to character ize the local meteor
ology of the s i te .  The meteorology station was located in Sect ion 11 , R 3 1  E ,  
T 22 s ,  from January to June 1976 and i n  Section 15 from June 1976 to May 
1977 J it has been in Section 21 s i nce May 1977 . These locations are repre
sentative of local terrain condit ions . Unti l  May 1977 , a 10-meter tower was 
used pr imar ily to collect wind ,  temperatu re, and prec ipitat ion ( surface) 
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data . Subsequently , the station was upgraded to a 30-meter tower des igned to 
comply with most of the cr i ter ia of 'Regulatory Guide 1 . 23 of the Nuclear 
Regulatory Commission (NRC) . The pr imary measurements obta ined include wind , 
temperatur e ,  and the temperature d ifference ( 6T) between 3 and 10 meter s ,  and 
between 10 and 30  meter s  above the ground . Additional climatolog ical data 
( e . g . , dew point, prec ipitation ,  solar and ter restr ial radiation , etc . )  are 
also collected . In September 1978 the 30-meter-level instruments were ra ised 
to 40 meters to improve the accuracy of 6T measurements in compliance with 
Regulatory Gu ide 1 . 23 .  All data are recorded by a data logger and backup 
str ipchart recorders .  A deta i led descr iption of the data-collection program 
is g iven in Append ix J .  

Ava ilable summary on-s ite meteorolog ical data presented i n  th is document 
inc lude temperature and prec ipitation data for the per iod May 1976 through May 
1979 as we ll as wind and atmospher ic-stability data for June 1977 through May 
1979 . The representat iveness of the on- s i te data-collection per iod has been 
established by compar ison of concurrent data from the Roswell Industr ial Air 
Center with long-term data . 

Normal and extreme values of meteorological parameters  

Wi nd sumnar ies . Wind-d irection and wind-speed measu rements were obtained 
from the 2-year site data collected at the 30-foot level . Wind roses for the 
site and for Roswell , New Mexico, for the per iod June 1 ,  1977 , to May 3 1 ,  1979 , 
are shown in Figure H-15 . Long-term ( 1973-1976 ) annual wind roses for Roswell 
and Midland-Ode ssa ,  Texas ( the next neare st National Weather Station with 
suitable data ) are also shown in this figure . Di fferences between stat ion 
swmnar ies are attr ibuted to regional ter ra in e ffects and var iations in the 
per iod s  of record used . 

The 2-year site wind record ( Table H-4 3 )  shows the southeast , south
southea st , and ea st- southea st winds occurr ing most frequently ( 18 . 9 % ,  15 . 2% ,  
and 9 . 1%  of the time , respec tively) . All other directions are about equally 
represented at 2 . 9% to 8 . 4% of the t ime.  Monthly wind-rose data are presented 
in Tables 1 through 24 in Annex 1 .  

Temperatures .  Monthly average , average da ily maximum, and average da ily 
min imum temperatures for June 1 ,  1976 , through May 31 , 1979 , are presented in 
Table H-44 , wh ich also shows cor respond ing data and normal values for Roswell 
(?«>AA , 1977 , 1978 , 1979 ) . 

Average temperatures at the site show large seasonal d ifferences , rang ing 
from 37 . 2 °F in the winter to 8 2 . 6°F in the summer . The highest and lowest 
temperatu res recorded at the Roswe ll Industr ial Air Center between January 1 ,  
197 3 , and December 31 , 1978 , we re 107°F (June 197 7 )  and 3°F (January 197 7 )  
(?«>AA , 1978 ) , respectively � the highe st and lowest tempe ratu res r ecorded at 
the site between June 1 ,  1976 , and May 3 1 ,  1979 , were 10 3 . 1  and 0 . 7°F , re
spec t ively . At the s i te ,  the average winter minimum temperatures are consist
ently h igher than those in Roswell , and the summer maximum temperatures are 
lower . These d i fferences can be ma inly attr ibuted to the locations of the 
temperature sensor s ( 30 feet above the sur face at the site and 5 feet at Roswell ) . 
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(1) 

(c) 

• 

• 

(b) 

(d) 

Note: willlll dinctiH ii dlfiMd 11 the d inction 
from wllicll the wind ii flowi"'" 

• 

s 
�-l.5 >7.8 Mts' WQM 

3.8-7.5 

CALM 

. -

� '"' IS >I.I IJ..U 

Fi�re H-1 5. Annual wind roses for (a) the WIPP site, June 1 ,  1 977, to May 31 , 1 979; 
(b) R oswell, June 1 ,  1 977, to May 31,  1 979; (c) annual average ( 1 973-1 976) 
for Midland-Odessa, Texas; and (d) annual average for Roswell (1 973-1976) .  
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Table H-43 . Distr ibut ion of Wind O irections at the Site , June 1977-May 1979 

D i r ec t ion 

Month NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N Calm 

Januar y  4 . 3  3 . 1  4 . 5  6 . 4  9 . 2  16 . 3  17 . 3  11 . 0  5 . 0  2 . 0  2 . 5  5 . 2  3 . 9  2 . 1  3 . 3  3 . 5  0 . 6  

Febr uary 3 . 9  7 . 4 5 . 8  5 . 1  6 . 6  13 . 6  14 . 0  8 . 3 4 . 0  4 . 1  4 . 5  5 . 0  5 . 0  4 . 7  3 . 5  3 . 7 0 . 5 

March 2 . 8  2 . 9  3 . 4  8 . 9  6 . 6 15 . 2  12 . 0  7 . 8  4 . 0 3 . 9  6 . 7  8 . 9  4 . 5  3 . 4  3 . 2  4 . 0 0 . 2  

Apr il 2 . 9  3 . 8  5 . 1  5 . 0  8 . 8  15 . 7  9 . 3 7 . 5  4 . 7  5 . 6  8 . 3  7 . 5  4 . 5  3 . 4  3 . 5  3 . 5  0 . 2  

May 3 . 9 3 . 0  3 . 5 4 . 0  8 . 2  17 . 0  13 . 2  9 . 6  7 . 0  5 . 6  4 . 9  7 . 2  3 . 4  2 . 5  3 . 3  4 . 7  0 . 2 
tI2 I 
(J) June 2 . 8  3 . 7  4 . 6  5 . 4  8 . 2 27 . 8  22 . 9  9 . 2  4 . 0  2 . 3  0 . 9  1 . 0  0 . 9  1 . 8  2 . 7  1 . 9  0 . 2  
U1 

July 1 . 1 2 . 4  3 . 1  3 . 8  11 . 0  37 . 0  24 . 8  7 . 9  3 . 3  1 . 8  0 . 7  0 . 6  0 . 2  0 . 3  0 . 8  1 . 0  0 . 2  

Augu st 1 . 5 3 . 4 5 . 9  4 . 2  8 . 8  2 1 . 9  20 . 2  12 . 8  5 . 8  2 . 2  2 . 2  2 . 3  1 . 9  1 . 9  2 . 4  2 . 3  0 . 3  

September 3 . 7  6 . 4  5 . 9  4 . 5  6 . 5  17 . 8  13 . 9  6 . 9  6 . 2  4 . 2  4 . 2  5 . 9  2 . 4  3 . 3  4 . 4  3 . 3  0 . 3  

Oc tober 2 . 8  4 . 5  4 . 1  4 . 1  12 . 4  18 . 9  13 . 0  11 . 4  6 . 9  2 . 8  3 . 5  3 . 7  2 . 3  2 . 9  2 . 5  3 . 3  0 . 8  

November 5 . 6  6 . 1  6 . 3  5 . 6  9 . 7  15 . 3  11 . 6  8 . 2  4 . 7  3 . 8  3 . 4  4 . 3  3 . 9  3 . 2  3 . 2  4 . 9  0 . 2  
" 

December 5 . 0  5 . 4  5 . 3 4 . 8  5 . 0  10 . 7  10 . 5  8 . 4 6 . 2  6 . 7  6 . 4  6 . 9  4 . 9  5 . 0  3 . 9  4 . 2  0 . 6  



Table H-44 a .  Temperatures at Roswell and the WIPP Site , 1976-1977 
' 

Temperature (°F) 
Monthly awHage Ave rage da i ly maximiim Avera2e dalll minimum 

Roswe l! site , Roswell Site ,  Roswdl S i te ,  
Month Normal 6/76-5/77 6/76-5/77 Normal 6/76-5/77 6/76- 5/77 Normal 6/76-5/77 6/76- 5/7 7  

January 38 . 1  38 . 6  38 . 7  55 . 4  52 . 5  5 1 . 6  20 . 8  24 . 7  27 . 1  
February 4 2 . 9  48 . 2  48 . 6  60 . 9  6 3 . 0  6 1 . 9  2 4 . 8  33 . 4  36 . 9  
March 49 . 3  52 . 1  54 . 3  57 . 7  68 . 2  67 . 6  30 . 9  3 5 . 9  4 0 . 6  

::II Apr il 59 . 7 62 . 3  6 3 . 5  78 . 2  76 . 7 77 . 2  4 1 . 2  47 . 9  48 . 6  I May 68 . 5  73 . 3  73 . 8  86 . 4  87 . 5  86 . 9  50 . 5  59 . 1  6 1 . 9  ex> 
0\ June 77 . o  79 . 3  78 . 4  94 . 2  9 3 . 4  9 1 . 2  59 . 8  65 . 2  65 . 1  

July 79 . 2  78 . 6  75 . 4  94 . 7  90 . 1  87 . 8  6 3 . 7  67 . 1  65 . 1  
August 77 . 9  8 0 . 3  78 . 6  9 3 . 4  9 3 . 1  9 1 . 2  6 2 . 3  67 . 4  66 . 7  
September 7 0 . 4  71 . 2  70 . 3  86 . 5  82 . 9  8 2 . 0  54 . 3  59 . 4  60 . 8  
Oc tober 59 . 6  56 . 2  56 . 1  77 . o  70 . 3  69 . 6  4 2 . 2  4 2 . 1  4 4 . 2  
November 46 . 9  4 2 . 7  46 . 4  64 . 8  56 . 5  58 . 1  29 . 0  28 . 9  3 4 . 5  
December 39 . 3  39 . 3  4 2 . l  56 . 8  56 . 1  57 . o  21 . 8  22 . 5  28 . 9  

Annual 59 . 1  60 . 2  60 . 5  76 . 3  7 4 . 2  73 . 5  4 1 . 8  46 . 1  48 . 4  



Table H-44b.  Temperatures at Roswell and the WIPP Site , 1977-1978 

Temperature (°F) 
Monthly average Average da ily maximum Ave ra2e diiI1x minLnum 

Roswe ll Site , Roswell S ite , Roswe ll Site , 
Month Normal 6/77-5/78 6/77-5/78 Normal 6/77-5/78 6/77-5/78 Normal 6/77-5/78 6/77-5/78 

January 38 . 1  36 . 0 4  37 . 2  5 5 . 4  47 . 6  48 . 7  20 . 0  24 . 3  28 . 6  
February 4 2 . 9  43 . 6  3 9 . 6  60 . 9  55 . 7 5 1 . 3  2 4 . 8  31.  5 32 . 2  
March 49 . 3  55 . 6  5 5 . 6  57 . 7 7 1 . 1  67 . 8  30 . 9  40 . l  43 . 2  

:i: Apr il 59 . 7 66 . 2  66 . 9  78 . 2  8 2 . 3  7 9  . 2  4 1 . 2  50 . 1  5 3 . 8  
I May 68 . 5  7 1 .  5 7 2 . 0  86 . 4  86 . 1  83 . 7  50 . 5  56 . 8  5 9  . 5  

CX> June 77 . o  8 1 . 6  78 . 6  94 . 2  96 . 1  9 1 . 4  59 . 8  67 . 0  6 1 .  3 ...J 
July 79 . 2  84 . 2  8 1 . l  94 . 7  97 . 4  93 . 7  6 3 . 7  70 . 9  68 . 5  
August 77 . 9  8 3 . 0  B l .  7 9 3 . 4  9 5 . 0  9 4 . 3  62 . 3  7 1 . 0  70 . 2  
September 70 . 4  7 8 . 4  57 . 7 86 . 5  9 2 . 2  90 . 9  54 . 3  64 . 6  66 . 2  
October 59 . 6 64. 1 6 3 . 3  77 . o  77 . 5 76 . 1  4 2 . 2  50 . 6  54 . 0  
November 46 . 9  5 3 . 1  5 3 . 6  64 . 8  68 . 9  6 5 . 8  29 . 0  37 . 3  42 . 4  
December 39 . 3  4 7  . o  49 . 5  56 . 8  6 2 . 9  60 . 8  2 1 . B  3 1 .  l 37 . B  

Annual 59 . 1  63 . 7  6 1 . 4  76 . 3  77 . 7 7 5 . 3  4 1 . 8  49 . 6  51 . 5  



Table H-44c . Temperatures at Roswell and the WIPP Site , 1978-1979 

Temperature (°F) 
Month!y average Average dii!ly maxlmum Avera2e dalll minimum 

Roswe ll S ite , Roswe l! Site ,  Roswell Site ,  
Month Normal 6/78-5/79 6/78-5/79 Normal 6/78-5/79 6/78-5/79 Normal 6/78-5/79 6/78-5/79 

January 38 . l  34 . 9  37 . 0  55 . 4  4 5 . 5  46 . 8  20 . 8  2 4 . 2  28 . 6  
February 42 . 9  4 3 . 6  45 . 7  6 0 . 9  59 . 2  57 . 9 2 4 . 8  2 8 . 0  35 . l  
March 49 .3  50 . 5 5 2 . 9  67 . 7  65 . 6  6 3 . 5  30 . 9  3 5 . 3  43 . 2  

::II Apr il 59 . 7 6 0 . 6  6 2 . 8  7 8  . 2  75 . 8  7 3 . 8  4 1 . 2  45 . 3  4 4 . 6  
I Hay 68 . 5  67 . 5  68 . o  86 . 4  8 1 . 2  79 . 5  50 . 5  5 3 . 7  57 . 2  

co June 77 . o  7 9  . 37 78 . 4  9 4 . 2  9 2 . 7  90 . 9  59 . 8  65 . 8  66 . 6  CX> 
July 79 . 2  8 3 . 4  82 . 6  9 4 . 7  96 . 2  9 3 . 0  63 . 7  70 . 5  72 . l  
August 77 . 9  78 . o  79 . o  9 3 . 4  89 . 9  69 . 6  6 2 . 3  66 . 0  68 . 7  
September 7 0 . 4  69 . 2  70 . 2  66 . 5  79 . B  78 . 6  54 . 3  58 .6 62 . 6  
Oc tober 59 . 6  60 . 3  6 1 .  7 77 . 0  7 4 . l 7 2 . 9  4 2 . 2  46 . 5 52 . 2  
November 46 . 9  49 . 0  52 . 0  64 . 8  58 . 7  60 . 3  29 . 0  39 . 3  44 . 4  
December 39 . 3  3 7  . 2  4 2 . 3  56 . B  50 . 7  5 2 . 7  2 1 . 8  23 . 7  32 . 2  

Annua l 59 . 1  5 9  . 5  6 1 .  l 76 . 3  72 . 5  7 1 . 6  4 1 . 8  46 . 4  50 . 6  



Prec ipitation and atmospher ic moisture . Prec ipitation data for the s ite 
are ava ilable for June 1 ,  1 9 76 , through May 3 1 ,  1979 . Table H-45 shows the 
monthly tota ls for Roswe ll and the WIPP site , as well as the average monthly 
normals for Roswe ll ( �AA, 1 9 77 , 1978 , 1979 ) . 

Monthly cumulative prec ipitation at the site ranged from a trace in De
cember 1 9 77 to 5 . 19 i nches in September 1 9 78 . At Roswe ll it ranged from 0 . 00 
inch in December 1976 to 4 . 4 5 inches in Augu st 1977  (normal ranges for Roswell 
are 0 . 29  and 1 . 48 inche s ) . 

The differences between the Roswell 2-year data and the site are typical 
of prec ipitation spatial var iations in the area. 

The dew-point temperature is the temperature to wh ich the air  must be 
cooled to become saturated with water vapor (pre ssure and water-vapor content 
rema ining constant) • Thus the difference between the ambient and the dew
point temperatu res ( the dew-po int spread)  is a measure of the a tmospher ic 
moisture content . 

The annual average and dew-point temperatures at Roswell and at the WIPP 
s i te are shown in Table H-46 . The data per iods are June 1 ,  1977 , through May 
31 , 1979 . At Roswe ll , 78 . 8 % of the time the dew-point spread was greater  than 
8 . l°F . At the site , th is value wa s exceeded 88 . 9 %  of the time . 

Atmospher ic stability 

Est imates of the average dispers ion of effluents by atmospher ic fluctua
tions over extended per iods are g enerally based on the joint probabi lity of 

Table H-45 . Roswe ll and WIPP Prec ipitationa 

Roswe ll WIPP s i te 
Month Normal 76-77 77-78 78-79 76-77 77-78 78-79 

June 1 . 24 1 .  55 0 . 25 4 . 31 0 . 67 1 .  09 3 . 7 4 
July 1 .  7 1  2 . 4 4 0 . 46 0 . 52 0 . 65 0 . 69 0 . 6 3  
August 1 . 48 1 .  98 4 . 45 3 . 49 0 .  57 o . 57 2 . 0 1 
September 1 . 47 2 . 29 0 . 29 3 . 58 3 . 29 2 . 09 5 . 19 
Oc tober 1 . 22 0 . 69 0 . 62 1 .  47 0 . 67 2 . 02 1 . 33 
November 0 . 2 9  0 . 4 1  0 . 4 8  1 . 2 5 0 . 11 0 . 19 3 . 51 
December 0 .  47 o . oo 0 . 02 0 . 43 0 . 08 ( b) 0 . 65 
January 0 . 40  0 . 07 0 . 50 0 . 4 1  0 . 24 0 . 07 0 . 13 
February 0 .  37 0 .  36 0 . 48 0 . 44 0 . 07 0 .  43 0 . 59 
March 0 . 4 7  0 . 27 0 . 39 0 . 13 0 . 38 0 . 0 7  0 . 04  
Apr il 0 . 49 1.  25 0 . 02 0 .  32 0 .  55 0 .  20 0 . 15 
May 1 . 0 0 2 . 4 3 1 . 8 1 1 . 2 5 1 . 31 1 . 6 3 2 . 2 2 

Annual 1 0 . 61 13 . 74 9 .  77  17 . 60 8 .  59 9 . 05 20 . 19 

aMeasured in inches .  Data for Roswell collected at the Industr ial Air 
Center . 

brrace amount . 
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Table H-4 6 . Dew Point and Temperature at Roswel l  and the 
WIPP Site , June 1977 Through May 1979 

Roswe ll WIPP site 
Temperature Dew po int Temperature Dew po int 

(°F) ( °F) (°F) (°F) 

Average 6 1 . 3  38 . 8  62 . 2  3 4 . 0  
Average max . 73 . 9  44 . 7  73 . 6  4 0 . 3  
Average min .  49 . 3  32 . 9  5 1 . 4  27 . 3  

wind-speed, wind-d irec tion ,  and atmospher ic-stability frequenc ies.  These fre
quenc ies have been estimated (Table H- 47 ) from data collec ted at the site by 
the tempera ture-d ifference method outlined in NRC Regulatory Gu ide 1 . 23 .  

The joint f requenc ies of these stabi lity categor ies w ith winds (Annex 1 ,  
Tables 25 through 32 ) show two dominant trend s .  The first is the very un
stable ca tegory ( ca tegory A) , where southeast to south winds in the 3 . 1- to 
5 . 0-m/sec range are most frequent .  The second is in the slightly stable ( E) 
and extremely s table (G) ca tegor ies ( and , to a le sser degree, ca tegor ies D and 
F) , where the southeast wind in the 1 . 5- to 5 . 0-m/sec range predominate s .  

A compar ison of ava ilable stability data for Roswe ll i s  presented in 
Table H-48 . Different methods were used in categor iz ing the Roswe ll and the 
WI PP-site data s i nce the hour ly data for Roswell obta ined from the National 
Climatic Center did not conta in the data needed for the temperature-d ifference 
method ( temperatu r� d iffer ence �T and standard deviation of the hor izontal 
w ind direc tion) . The method used for the Roswe ll data ( Turner , 196 4 )  is based 
pr imar ily on sur face wind speed and net solar rad iat ion . Th is method tends to 
be biased toward the neu tral category D ,  as evident in Table H-48 , while the �T 
method tends to be biased toward the extremely stable and unstable categor ies . 

Table H-47 . Monthly Frequency of Stabil ity Categories at 
the WIPP Site , June 1977 Through May 1979 

Cate-
gory J F M A M J J A s 0 N D 

A 28 . 7  3 1 . l  34 . 2  4 1 . 5  44 . 7  46 . 3  48 . l  44 . 3  36 . 9  32 . 7  26 . 5  27 . 7  

B 2 . 4  1 .  7 1 . 5 0 . 7  0 . 2  1 . 0  0 . 7  1 . 2  0 . 7  1 . 3  1 . 5 0 . 8  

c 1 . 2  0 . 9  0 . 8  0 . 3  0 . 5  0 . 7  0 . 2  0 . 3  0 . 3 0 . 6  0 . 6  0 . 7  

D 10 . 7 6 . 7  2 . 7  3 . 2  2 . 6  4 . 5  3 . 6  4 . 8  2 . 0  4 . 0  3 . 4  4 . 1  

E 13 . l  14 . 0  6 . 8  5 . 8  8 . 9  10 . 5  9 . 6  9 . 6  8 . 3 10 . 0  9 . 9  4 . 9  

F 8 . 6  7 . 7  10 .o 11 . 0  14 . l  2 3 . 9  15 . 6  18 . 0  13 . 3  10 . 3  11. 2 7 . 8  

G 35 . 8  38 . l  44 . l  37 . 5 29 . l  13 . 4  22 . 8  20 . 4  38 . 5  4 1 . l  46 . 9  54 . 0  
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Table H-48 . Frequency of Stability Condit ions at Roswell and at the WIPP Site 

Fq�guens:i:: �% l 
WIPP s ite , 0 Stabili ty Roswe ll , a Roswell , a 

cond ition 1973-1976 June 1977-May 1979 June 1977-May 1979 

A,  extremely unstable 1 . 3  2 . 1  36 . 7  
B ,  unstable 7 . 6  8 . 6  1 . 1  
C ,  slightly unstable 16 . 2  14 . 1  0 . 6  
D ,  neu tral 37 . o 38 . 1  4 . 2  
E ,  slightly stable 15 . 9  14 . 7  9 . 2  
F ,  stable 17 . 0  17 . 0  12 . 4  
G ,  extremely stable 5 . 1  5 . 3  35 . 7  

aBased on the Turner method . 
bBased on the temperature-d ifference method . 

H . 4 . 3  Short-Term (Acci dent) Di ffusion Est imate s  

Conservative ( 5 %  probability level) , realistic ( 50 %  probability level ) , as  
well as wor st-case e st imates of  the local a tmospher ic-d i ffusion fac tor s ( X/Q) 
for the site have been prepared for the site boundary (control zone IV radius 
of 3 miles) and d istances of O .  5 ,  1. 5 ,  2. 5 ,  3 .  5 ,  4 .  5 ,  7 .  5 ,  15 , 25 , 35 , and 45 
mi les .  Calculations were made for a 1-hour effluent-release per iod from hour ly 
data co llected at the s i te for the per iod June 1977 through May 1979 . 

The ground-level atmospher ic-d iffusion factors for the site were calculated 
f rom Gau ssian plume-d i ffusion models for a continuous ly emi tting g round-level 
source (a conserva tive assumption) . Hour ly centerline X /Q values were computed 
f rom the concur r ent hour ly mean wind speed , wind ,  and stability ca tegory . The 
wind speed at the 10-meter-level sensor was used since a ground-level release 
was a ssumed for conservatism .  The stabi lity class was determined by the tem
perature-d ifference method . Calms were ass igned a wind-speed value equal to 
the star ting speed of the wi nd vane ( 0 . 6  mph) and the wind d i r ection in the 
last noncalm hour .  Cumulative frequency distr ibutions were prepared to deter
mi ne the X /Q values that were exceeded only 5%  and 50% of the t ime as well as 
wor st-case values .  

Gau ss ian plume-diffusion models for a ground-level concentration were used 
to descr ibe the downwi nd spread of e ffluents f rom the WIPP. A continuous 
ground-level re lease of effluents at a constant emis s ion rate and total reflec
tion of the plume at g round level were a ssumed in the d iffusion estimate s .  
Since i t  allows for no deplet ion by deposit ion or reac tion a t  the sur face , this 
a ssumption is conservative . For each hour in the 2 years of r ecord X /Q value s 
were calculated as follows : 

x 1 
-- =  ----

Q '!TI a u
1 y z 0 
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where 

( 2 )  

X/Q 
3 

= the relative centerline concentration ( sec/m ) at ground level . 

ulO = wind speed (m/sec ) at 1 0  meters above the ground . 

Iy = lateral plume spread (meters) , a function of atmospheric sta
bility , wind speed , and downwind distance from the point of 
release . for Distances of up to BOO meters , Iy = Muy • M 
being a function of atmospheric stability and wind speed . For 
more than BOO meters , Iy = (M - 1 ) uy ( BOO m) + uy (x) .  

uy , uz = lateral and vertical plume spread (meters ) ,  respectively , as 
a function of atmospheric stability and distance . 

For neu tral to stable cond it ions ( categor ies D to G) with wind speeds at 
the 10-meter level of le ss than 6 m/sec ,  equation 1 was used .  For all other 
stabili ty or wind- speed cond ition s ,  X/Q was calculated from equat ion 2 .  Th is 
techn ique of calculating concentration f rom vents or other bu ilding penetra
tions is descr ibed in NRC Regulatory Guide 1 . 14 5  (Atmospher ic Dispers ion Mod
els for Potent ial Acc ident Consequence Asse ssments at Nuclear Power Plants ;  
issued for conment , August 197 9 ) . 

From the 2 years of 1-hour X/Q value s ,  cumulat ive frequency distr ibu
tions were prepared for each of 16 wind sec tors and for several d istances 
from the re lease point . The values of X /Q exceeded only 5 %  and- 50% of the 
t ime are p resented .in Table 33 of Annex 1 .  

H . 4 . 4  Long-Term (Routine )  D iffusion Est imate s 

Annual average d iffu sion f ac tors were compu ted for routine releases from 
WIPP operations . The MESODIF model was run ( Start and Wendell , 19 7 4 )  with 
meteorolog ical data r ecorded at the s i te from June 1977 through May 1979 . 

MESOD IF uses an integrated puff model that differs from other Gau ss ian 
puff models in that it allows released mater ials to be transpor ted back over 
the source should the wind sh ift .  The effluent is tr eated a s  a str ing of 
puffs released every hour through the year of record into the wind field re
corded by the on- site meteorolog ical station . Ind iv idual puffs are tracked 
unt il they are too d i lu te to be of sign ificance or until they leave the area 
being considered . Concentrations are integrated for the year and then aver
aged to yield the mean expectation for single puffs . A ground-level release 
was assumed for conservatism. The results are listed in Table H-49 for the 
2 years of record . The strong lobe of concentration in the northwest sec tor 
in Table H-49 is consistent with the preva iling wind s ,  wh ich are from the 
southeast. 
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Table H-4 9 .  WIPP Site Long-Term Average X /Q Calculations 
(Period of Record June 1977 through May 197 9 )  

Downwind X/Q ( sec/m3 ) at downwind d i s tance (mi les) 
sec tor 0 . 5  1 .  5 2 . 5  3 . 5  4 . 5  5 . 0  7 . 5  10 . 0  15.o-- · 25 . 0  · · ��- 4 5 . 0  

N 2 . 0- 5a 2 . 4 - 6  1 . 0-6 6 . 2 -7 4 . 4 - 7  3 . 6- 7  1 . 8- 7  1 . 0-7 3 . 9-8 1. 7-8 7 . 2-9 8 . 4-9 NNE 1 . 1- 5  1 . 4-6 5 . 7-7 3 . 7- 7  2 1 . - 7  1 .  7-7 9 . 0-8 4 . 6- 8  2 . 0-8 9 . 0-9 3 . 3-9 2 . 6- 9  NE 9 . 3 - 6  2 . 8-6 6 . 8 -7 4 . 0-7 2 . 3 -7 2 . 0- 5  1 . 1-7 6 . 5-8 3 . 0 -8 1 . 2-8 4 . 4 -9 3 . 1-6 ENE 1 . 1- 5  1. 1-6 5 . 4-7 2 . 9-7 1 .  8-7 1 .  5-7 5 . 7- 8  2 . 8- 8  1. 5-8 5 . 4-9 1 . 1-9 8. 6 - 10 

E 7 . 7-6 4 . 4 -7 4 . 8-7 2 . 3-7 1 . 6 - 7  1 .  2 - 7  4 . 8-8 1.  5-7 1 . 2-8 4 . 2-9 1 . 3 - 9  1 . 1-9 ::x: ESE 2 .  3-5 4 . 0-7 4 . 5-7 2 . 0- 7  1 . 4-7 1 . 1-7 4 . 2-8 2 . 7-8 1 . 1-8 4 . 7-9 1 . 0-9 7.  3 - 10 I SE 1 . 0 - 5  1. 4 - 6  4 . 3-7 2 . 0- 7  1 . 4 - 5  1 . 1-7 5 . 3 - 8  3 . 0- 8  1 . 6-8 6 . 2-9 1.  7-9 1 . 5-9 \0 w SSE 1 . 1- 5  1 .  4-6 5 .  2- 7 3 .  0-7 2 . 0- 7  1 .  6- 7 7 . 7-8 4 . 8- 8  2 . 3-8 3. 6-7 4 . 0 -9 2 . 7-9 

s 1 . 1-5 1 . 6-6 6 . 4 - 7  3 . 7-7 2 . 5 -7 2 . 1-7 1 . 1-7 6 . 7-8 3 . 0-8 1 . 0- 8  6 . 0-9 3 . 2 1 - 9  
SSW 1 . 1- 5  1 .  8-6 8 . 5-7 4 . 4-7 3 . 1-7 2 . 8 -7 1 . 4-7 8 . 0-8 3 . 9-8 1 . 8-R � . 8-9 5 . 2-9 
SW 1. 5-5 2 . 2-6 9 . 6 -7 6 . 7-7 4 . 0 -7 3 . 3-7 1 . 6- 7  9 . 5- 8  5 . 0-8 1 . 8-8 8 . 8-9 4 . 8-9 
WSW 1 . 2- 5  1. 9-6 8 .  5-7 5 . 1-7 3 . 6- 7  2 . 9- 7  1 . 4-7 7 . 5-8 3 . 5-8 1 . 2-8 5 . 6-9 3 . 1- 9  

w 1. 9-5 2 . 8-6 1 . 2-6 7 . 5-7 5 . 3 - 7  4 . 0-7 1 . 9-7 1 . 8 -7 5 . 0-8 1 . 7- 8  7 . 8-9 4 . 5- 9  
WNW 5 . 0- 5  6 . 1-6 2 .  5-6 1 . 2-6 9 . 5-7 7 . 9-7 3 . 8-7 2 . 5-7 1 . 0-7 3 . 9-8 1 . 9-8 9 . 5-9 
"1l'lW 5 . 0- 5  6 . 1-6 2 . 5-6 1 . 2-6 9 . 5-7 7 . 9-7 3 . 8-7 2 . 5-7 1 . 0-7 3 . 9-8 1 . 9- 8  9 . 5-9 
NW 4 . 9- 5  9 . 3-6 3 . 2- 6  2 . 0-6 1 . 6-6 1 . 4-6 7 . 6-7 5 . 0-7 2 . 5-7 1 . 1-7 5. 5-8 3 . 2-8 
mlW 3 . 0 - 5  5 . 9-6 3 . 0-6 1.  5-6 1. 2-6 1 . 1-6 5 . 8-7 3 . 5-7 2 . 5-7 7 . 8- 8  4 . 6- 8  2 . 6- 8  

a 2 . 8- 5  = 2 . 0  x io- 5 . 



H . 4 . 5  Air Quality 

The Un ited State s  has been div ided by the Env ironmental Protection Agency 
( EPA) ( 40 CFR 81)  into Air Qua lity Control Regions (AQCRs ) . The EPA has 
divided its programs in the country into administrative reg ion s .  The WIPP 
s i te is located in AQCR 155 and is admin istered by EPA Region VI .  The New 
Mexico Env ironmental Improvement Divis ion (NMEID ) has designated a seven
county area , i nclud ing Eddy and Lea Countie s ,  as State Air Qua lity Control 
Reg ion 5 (Chapter 277 , Laws of 1967 as amended) . 

Ex isting air  pollution in the vicin ity of the s i te cons ists mostly of 
h igh concentrations of total suspended part iculate s .  The entire State expe
r i ences occasional h igh concentrations of total suspended particula te s  from 
natura l wind-blown du st 1 near the site , the concentra tions are even higher 
becau se of potash operations . According to the most r ecent EPA Sta te Attain
ment Status Repor t ( Federa l Register , September 11 , 1978 ) , air  qual ity in the 
region meets pr imary and s econdary national ambi ent a i r-qua lity standards , 
except locally near industries .  

To better define the ambient air quality at the site , the levels of 
selec ted a i r  pollu tants have been mon i tored since January 1976 and will be 
u sed to ana lyze the effects of WIPP construction and opera tion on air quality 
locally and regionally .  The parameters be ing measured are total suspended 
par ticulate s ,  chemical spec ies in par ticulate s ,  nitrogen dioxide , sulfur 
d ioxide,  hydrog en sulfide, carbon monoxide ,  and ozone (Metcalf and Brewer , 
1977 ) .  

Table H-50 presents State and Federal air-quality standards� State 
standards are not to be exceeded at any time , wh ile Federal standards are not 
to be exceeded more than once a year . The Federal standards are divided into 

Table H-50 . Amb ient Air-Qua lity Standardsa 

Feder a l  standards 
Po l lu tant 

Sulfur dioxide ( 502 ) 
2 4-hour average 
Annua l  ar ithmet i c  mean 
3-hour average 

Total suspended pa r t iculate3 
24-hour average 
7-day average 
30-day average 
Annual geometr i c  mean 

Carbon mono K i de  (C) ) 
8-hour aver age 
1-hour average 

Photochemica l ox idants (ozone ) , 
1-hour average 

Hydrocarbons ( ncnmethane ) ,  
3-hour average 

N i t rogen d io K i de (!«> 2 > 
24 - hour average 
Annual ar ithmet i c  average 

New Me x i co standard 

0 . 10 ppm ( 26 0  µg/m3) 
0 . 0 2  ppm ( 5 2 µ g/m3) 

150 µ g/m3 
110 µ g/m3 

90 µ g/m3 
60 l' g/m3 

8 . 7  ppm 
1 3 . l  ppm 

O . 0 6  ppm 

0 . 1 9 ppm 

O . l  ppm ( 20 0  µg/m 3 )  
0 . 0 5  pp m  ( 1 0 0  µ g/m3) 

Pr imary 

0 . 14 ppm ( 36 5  µ g/m3) 
0 . 0 3 ppm ( 8 0 µ g/m3 ) 

260 µ g/ml 

75 µg/m3 

9 ppm 
35 

ppm 

0 . 1 2 ppm 

0 . 2 4  ppm 

0 . 0 5  ppm ( 1 0 0  µg/ml) 

Secondary 

0 . 50 ppm ( 13 0 0  µ 9/113 ) 

150 µ9/ml 

60 µ g/ml 

9 ppm 
3 5 ppm 

0 . 1 2 ppm 

o. 24 Wiil 

0 . 0 5  ppm ( 100 µ9/ml ) 

astate s t anda r d s-- Sta t� of New Me x i co a mb i e n t  a i r -c ua l i :: y  da ta sulm\a r ies ( 1 9 7 3- 1 9 7 6 ) .  Federa l standards--40 CFR so . 
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pr imary and secondary standard s ,  wh ich are defined in 40  CFR 50 . 2 :  "National 
pr imary ambi ent a i r-qua lity standards define levels of air  quality which the 
Administrator [Adminis trator of the EPA] j udge s  are necessary , with an 
adequate margin of safety to protect the public health . National secondary 
ambient air-quality standards define levels of air quality which the 
Admin istrator j udges nece ssary to protect the public we lfare from any k nown 
or antic ipated adver se effec ts of a pollutant . "  

The concentrations of pollutants measured at the WIPP s i te are presented 
in Table H-51 . The only concentrations that exceeded New Mexico standards 
dur ing 1976 are the 1-hour carbon monoxide concentration and the 1-hour ozone 
concentration . The car bon monoxide value does not exceed Federal standards , 
however . The h igh ozone concentrations may be at lea st par t ially expla ined 
by the fac t that the concentrations were measured by ultrav iolet techniques 
instead of chemilumi nescence ; the ultraviolet techn iques g enerally produce 
h igher values .  Chemilumine scence is now used for measurements , but no new 
values are ava ilable . 

Table H- 51 . Pollutants Measured at the WIPP Site Dur ing 1976 

Po llu tant 

Ni trogen d ioxide , 
annual ar ithmetic mean 

Sulfur dioxidea 

Annual ar ithmetic mean 
24-hour  average 

Total suspended particula tes 
Annual ar ithmetic mean 
24-hour average 

Carbon monoxide 
1-hour average 
Da ily mean 

Ozone 
1-hour average 
Da ily mean 

Hydrogen sulf ide , 
da ily mean 

Measured 
concentration 

32 . 19 µg/m3 

4 . 29 µg/m3 

38 µg/m3 

18 . 47 µ g/m3 

77 . 7 µg/m3 

17 ppm 
3 . 17 ppm 

0 . 167 ppm 
0 . 02 ppm 

0 . 11 µg/m3 

aBelow the detec tion capability of the method used . 
bGeometr ic mean . 

New Mexico 
standard 

�0 0  µg/m3 

52 µg/m3 

260 µ g/m3 

b6o µg/m3 
150 µg/m3 

13 . l  ppm 

0 . 0 6 ppm 

(c )  

cThe standards ar e 0 . 00 3  ppm ( 1-hour average) for all  par ts 
of New Mexico except the Pecos-Permian Basin Intrastate Air 
Quality Control Reg ion and 0 . 1  ppm ( 30-minute average)  for that 
reg ion . 
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H . 4 . 6  Paleoclimatology 

The climat ic record of the past ind icates long-term var iabilit ies of the 
clima te in a region and provides a basis for postulating the bounds in future 
climatic changes that may affect the long-term impact of a repos itory. In 
evaluating the long-term per formance of a repos itory ,  the most s ign ificant 
h istor ic per iod is the last 10 , 00 0  to 10 0 , 00 0  years . Deta iled climatolog ical 
information is not ava ilable for th is h istor ic per iod. However , qua litat ive 
estimates of temperature and prec ipitation reg imes have been made , and the 
extent of glac iation and flooding can be fairly accurately e stimated from 
geologic evidence . Much of the ava ilable paleoclimatolog ical information 
refers to large geog raphical area s  (continents , hemisphere s ,  etc . ) ,  and cli
matic cond itions for the reg ion of a par ticular site frequently must be in
ferred f rom these gener ic descr iptions . However ,  limi ted geologic investiga
t ions have provided some spec ific information directly applicable to the 
region of the WIPP s i te .  

Per iod ically , a t  intervals of about 250 mi ll ion year s ,  there have been 
ma j or advances of glaciers f ran the polar regions , advances that la sted on 
the order of mill ions of years ( Seller s ,  1965 ) .  The Ple istocene Epoch , wh ich 
began about 1 to 2 million years ago , is the late st glacial per iod ( Seller s ,  
196 5 ;  NAS-NRC , 197 5 ,  197 7 ; John, 1977 ) .  Within the Ple istocene there have 
been several glacier advances ( glac ials) and retreats ( interglac ial s ) , as il
lustrated by wor ldwide temperature var iations in Figure H-16 (Norwine ,  1977 ) . 
Th is epoch ended some 10 , 0 00 years ago with the beginn ing of the Holocene 
Epoch , although continuou s  ice sheets are still present in the polar reg ions . 

Conti nental ice shee ts of the Ple istocene Epoch did not advance south of 
Montana and Idaho , - and glac ial ac tion does not appear to be a threat to the 
integr ity of the WI PP s i te .  However ,  dur ing these glac iations , individual 
mounta in glac iers "Were widespread throughout the Rocky Mounta ins from canada 
to central New Mexico , and local ice caps were present in a number of ranges 
(Richmond , 1965 ) .  Mounta in glac iers developed as far south as latitude 3 3° 

22 ' N (Sier ra Blanca , peak elevation 13 , 0 00 f eet,  "West of Roswell) dur ing the 
glac iations of late-Pleistocene time . The average end mora ines of late-
Ple istocene glaciers are at elevations of between 10 , 200 and 11, 400 f eet a t  
th is latitude (Richmond , 1965 ) .  Swmner temperatures we r e  about 7 to 16°F 
colder than at present, but winter temperatures were much the same as at 
present (Richmond , 196 5 ; Gates ,  1976 ) .  

II 

r 

r 
i "  
J 

Figure H-16. Worldwide temperature variations. 
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The advance of glac ier s was initially assoc iated with a cold , damp cli
ma te , followed by a cold , dry climate that developed over the contiguous ice 
sheet itself ( Schwarzbach , 196 3 ) .  Prec ipitation over th is area was probably 
le ss than that over the same region at present . Dur ing these per iods , the 
weather wa s  much more var iable than at present .  Wi nters were longer ; spr ing , 
fall , and summer were shor ter ; and d iurnal and day-to-day var iations were 
g reater (Kukla , 1976 ) .  

Dur ing glac iat ion per iod s in Nor th Amer ica , the westerly wind belt was 
d i splaced toward the equator (Brook s ,  1970 ; Schwar zbach , 1963 ) . Th is change 
resulted in some areas south of the continental glac ier receiving increased 
( pluvial) prec ipitation ( S chwar zbach, 1963 ) . In the Uni ted States , pluvial 
effects occurred in the central and we stern regions . Several lakes were 
formed or expanded dur ing the pluvial , especia lly in the western Uni ted 
State s ,  in areas that are now deserts ( Flint , 1967 ; Schwar zbach , 1963 ) . The 
climate of New Mexico dur ing th is per i od  was char ac ter ized by more prec ipita
tion ( about 64%  more than at present) ,  less evaporation ( only about 73% of 
pre sent) , and a mean June-September temperature about 18°F lower than at 
present (Antevs ,  1 9 54 ) . 

In summary ,  it  can be inferred that the climate of the reg ion dur ing the 
glacial/pluvial per iods of the Ple istocene was probably cooler , wetter , and 
stormier than at present .  There fore , flood ing wa s  also probably more fre
quent . The geologic h istory of the region that i ndicates s uch e ffects has 
been addressed in Section 7 . 3 .  

Major glac ial epoch s have been alternating with interglaqials on a 100 , 000-
year cycle (Norwine,  1977 ) . These interglacials have previously lasted 11 , 000 
to 15 , 000 years .  The present global climate is cons idered inte rglac ial and 
has la sted approximately 10 , 000 to 12 , 000 years (Richmond , 197 2 7  Sellers ,  
1965 ) , although th is has var ied by region , and glac ial advances have at times 
occu rred .  The interglac ials o f  the Ple istocene were typically f r ee o f  ice and 
were dr ier than the present ( Sellers ,  1965 ) . Moreover , temperatures were sim
ilar or at times s lightly warmer than those at present : average wor ld temper
ature s were approximately 30p above those at present ( Sellers , 1965 ) . In 
the Rocky Mountains , the present interglacial has been le ss ar id and colder 
than previous  interglac ials (Richmond , 197 2 ) . 

A br ief summary of the climate of the current epoch is p resented in Table 
H-52 . The most significant events are the Cochrane Glac ial Readvance (6800  to 
5600 B . C . ) ,  the Climate Optimum ( 5600 to 2 500 B . C . ) , and the Li ttle Ice Age 
(A. O .  1500 to 1900 ) .  However , the oscillations of the interglac ial climate in 
the Un i ted States dur ing the Holocene have been less severe than those exper i
enced dur ing the Pleistocene , when conditions var ied between glac ial and in
terglacial (Lamb ,  1 9 66 ) . There are indications that a long-term global cool
ing trend is still under way , although there has been a relatively recent 
short-term per i od  (approximately 40 to 100 years ending in about 19 50 )  of 
global warmi ng (Kukla and Matthews , 197 2 ;  Lamb , 1966 ; Alexander , 1974 ) . 
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Table H-52 . A Br ief Chrono logy of the Climate of the Southwe stern 
Un ited State s in the Last 10 , 0 00 Yearsa 

Dates Climate 

9 0 0 0-6000 B . C .  Warm and ar id i n  southern Ar izona . 

6800-5600 B . C .  Cool and dry ,  with poss ible extinction of mam
mals,  par ticularly in Ar izona and New Mexico . 

5600-2500 B . C .  Warm and mo i st, becoming warm and dry by 3000 
B . C .  (Climate Optimum) . Intermittent drought in 
the We s tern Un ited Sta tes after 5500 B . C .  

2500-50 0  B . C .  Generally warm and dry with periods of heavy 
ra in (after 660 B . C . )  and in tense drough ts ( near 
510 B . C . ) in the We ste rn Un ited Sta te s .  

A . D .  330 Drought .  

8 0 0  Start of moist per iod in Mexico .  

1180-1215 Wet in the We st. 

1220-1290 Drought in the We st . 

1276-1299 "Great Drought" in the Southwe st . 

130 0-1330 Wet in the West . 

1500-1900 

1880-1940 

19 20-1958 

1942-pre sent 

Gene rally cool and dry ( Little Ice Age) . Pe r
iod ic glac ial advances in Nor th Amer ica 
( 1700-17 50 ) . Drought in the southwe stern Un i ted 
States from 1573 to 1593 . 

Increase of winter temperatures by l . 5oc .  
Drop o f  5 . 2  meters i n  the level of the Grea t  
Salt Lake . Alpine glac iation reduced by 25% and 
arctic ice by 40% . 

25% decrease in mean annual prec ipitat ion in the 
Southwest . 

Wor ldwide temperature decrease and ha lt of g lac
ial rece ssion .  

aData from Se ller s ( 196 5 ) . 

H- 98 



H . 5 EX::OLOGY 

H . 5 . 1  Introduction 

Th is sec tion discusses the terrestr ial and aquatic ecology of the Los 
Medanos s i te and i ts environs , descr ibes the ecolog ical re sources at the s i te ,  
and character izes preexisting env ironmental stresses .  

The terrestr ial ecology study area i s  the area within a 5-mile rad ius of 
the center of the site ( Figure H-17 ) . Eighty-nine study plots have been es
tabl ished in the study area and nearby . Seven are fenced for studies of 
gra z ing e ffec ts , etc . : the rema inder are enc losed . In add ition ,  there are 11 
soil microclima te stations , also fenced (Figure H-18 ) . Aquatic habitats with
in the study area are limi ted to stock-water ing ponds and tanks.  Sampling 
stations have been establ ished at a nearby playa , at Laguna Grande de la Sal ,  
and along the Pecos River ( see Sec tion H . 5 . 3 . 1 ) . 

Th is section is based on data collec ted since 1975 . Early studies were 
carr ied ou t  by the New Mexico Environmental Institute . The results are pub
l ished in two prog ress repor ts (Wolfe et al . ,  1977 a , b) . In 1977 , the biology 
team wa s  reorgan ized,  and ecolog ical stud ies continued . Methods and data are 
d iscu ssed in a report publ ished in 1979 (Best and Neuhauser , 1979 ) : more re
cent data will be publi shed later . 

The studies provide baseline data for the assessment of env ironmenta l 
impac ts .  The emphas is is on charac ter iz ing terrestr ial and aquatic habitats 
and impor tant plant and an imal spec ies.  Impor tant spec ies are defined (NRC ,  
1976 ) a s  follows : 

a .  The spec ies is commerc ially or recreationally valuable . 

b .  The species is threatened or endangered . 

c .  The spec ies is critical to the well-being of some impor tant spec ies  
within cr i ter ion a or b .  

d .  The spec ies i s  cr it ical to the struc ture and func tion of the eco
log ical  system or is a biolog ical indicator of radionuc lides in the 
environment . 

These baseline data are of further use in the development of an ecolog ical 
mai i tor ing prog ram at the s i te .  The emphas is is on ( a) document ing the range 
of natura l var iation and its cause ( s )  for impor tant plant and animal commu
n itie s :  ( b) charac ter iz ing cr itical pathways and processes in the local eco
system,  inc lud ing pathways of rad ionuclide transfer : and (c )  predicting , where 
possible , the k i nd and the degr ee of change that may result f rom WIPP-related 
activit ies ( e . g . , changes in vegetation within control zone I I  due to the ex
c lusion of ca ttle ) .  

In order to expand the ecology data base and thereby make it more use ful , 
field studies are cont inuing . 

H-99 



l:Il I .... 0 0 

r 

· 

11� · r· 1111���----. � 
• ' 

t '\ 

' · •  

. . 

· • I . • 

• \ o �· 

I • • 
• \ 

I 0 r�-=�-��r ��-�AQ._�i;--�r--�����-.��-����
-

,, 
0 L • 

r��-r-� ... r.-�-1��-4-��1-�·� • 
• 

- •  
w"' sm ••1 • • • 

• 

e • 
� • '"'  OCY 

e 

. 

. : 
" .:� 

.
. . i . 

. 

• \ • 
• . " /j -

\: . 
. 

' 

0 \. ii • • 
• • 

r---1+-+-+· "'�· _J
. 

• 
o • 

•• /I/ . . 

� . • 1 /  

rt-+-+--+-L:r�1�����rv-+-+-�· _J__j__
-

1 l 

e Ternnri.i ftmbniW ttudy 11181 e Florittlcs study 11181 6 Plmnt sua:ealon ttudy sites O Arthropod Mmpling sitet 

• AwlfMll'lll ltUdy 11191 9 Solls/plmnt productMty ltUdy sita 0 Soil mlcrodlmete .utions -$ Center of WIPP site 
1 

• 

• 
0 1 Miles 

Figure H-1 7. Map of the site showing bioplot locations. b;J 1 I I 



F igure H-18. Soi l  microcl imate station. 

To g ive a regional per spect ive , the ecology of the two-county region ( Eddy 
and Lea Counties) , exclud ing the Guadalupe Mounta ins , is discussed below.  

H . 5 . 2  Ter restr ial Ecology 

H . 5 . 2 . 1  Soil and ag r icultura l resources 

The two-county reg ion lies in the Southern Desert Bas ins , Pla ins , and 
Mounta ins Land Resource Area of the Western Range and Irr igated Land Resource 
Region (Au st i n ,  1 9 72 ) . C l imate and soil l imit agr iculture to ranch ing and 
some irr igated and dr y-land farming , with the major cultivated areas being 
along the Pecos and Black Rivers in Eddy County and in eastern Lea County . . 
Irr igated land s produce sor ghum , cotton , alfalfa , and small-gra in crops . Over 
90% of the region is g raz i ng land , and beef-cattle ranch ing is the maj or agr i
cultura l enterpr ise . Gra z ing areas are used the year round . 

The maj or soils  in the region are Ar id isols , wh ich occur in ar id locales 
and conta in low amounts of organ ic matter , and Mol l i sol s ,  found in more moist 
area s  with dark , organ ic-matter-r ich sur face hor izons . The maj or suborders  of 
the Ar idisols , which are used pr imar ily for rangeland and some irr igated 
crops , are the Orthid s ,  wh ich have accumulations of calcium carbonate ,  gypsum , 
or other salts more  soluble than gypsum but no hor izontal clay accumulation ; 
and the Argid s ,  wh ich have clay accumulations with or without alb " 
( sod ium) . Usto ls , the major suborder of Mollisols in the site f f '  )n , are 
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intermittently dry dur ing the warm season and have subsurface hor izons in 
wh ich salts or carbonates have accumulated . They are used for wheat or small 
g ra ins and some irr igated crops . 

Other so il order s are present ,  including Entisols , recent soils with no 
hor izon development ,  and Alf isols , which have a g ray to brown sur face hor izon 
and a subsurface hor izon of clay accumulation s .  Entisols are used pr imar ily 
as rangeland . The Alf isols are be ing used as rangeland , for dry-land farming 
of small grain,  and for irr igated crops . 

Ter restr ial ecology 

The three so il assoc iations that occur in the study area are descr ibed in 
Section 7 . 3 . 8 . All are Ar id isols (Argids and Orth ids)  or Entisols.  The two 
soil mapping units that occur  on the site proper are in the Kermit-Ber ino Soil 
Association ( Table H-53 ) . Approximately half the s i te is mapped as Ber ino 
complex and the other half as Kermit-Ber ino fine sands .  Both mapping units 
are Cla ss VII so ils--unsui table for cultivation and suitable only for pasture 
and wildli fe habita t .  These sandy so ils are sub j ec t  to severe wind erosion . 
They are generally stabilized by shinnery oak , mesquite ,  and other vegetation .  

The so ils at the site include sandy surface so ils with wind-blown par
t icle s ,  a thin ( 1-nm-thick) soil crust , and a layer of mo ist subsoi l .  The 
wind-blown so il and sub so il conta in sparsely dis tr ibuted bac te r ia attached to 
the sur faces of the sand g rains but few fungi or algae . The sur face mater ial , 
however , conta ins par tially deg raded plant detr itus and relatively dense 
fungal hyphae . Th is thin crust res ists wind erosion and covers much of the 
site (Caldwe ll , 1978 ) . 

A hard caliche
.
Iayer , up to 10 feet thick , underlies these soils . Depth 

to caliche var ies f rom a few centimeters to several meter s .  The caliche is 
fully exposed along parts of Livingston Ridg e .  

H . 5 . 2 . 2  Native vegetation 

Vegetation in the two-county region 

The site lies in a reg ion that is an area of transit ion between the Great 
Plains Short-Gra ss Pra i r ie and the Chihuahuan Desert .  S ince ear ly in the 
twentieth century , salt cedar trees ,  natura lized from Eura sia , have invaded 
ma j or drai nageways .  Another introduced spec ies--the Russian th istle , or 
tumbleweed-- is a conmon invader in h ighly disturbed area s :  it  is found in the 
study area . Shr ubs and g ra sses are the most prominent components of the local 
flor a .  Vegetative cover is largely controlled by water ava ilability and live
stock g raz ing . The development of spec i f ic plant commun ities is dependent on 
such fac tor s  as the infiltration rate of the surface so i l , depth to a restr ic
t ive layer ( i . e . , caliche ) , and the extent to which the surface soil has been 
reworked by wind or water erosion . 

Accord ing to Bailey ' s  ( 19 7 6 )  ecoreg ion class ification , the two-county area 
is in the Grama-Tobosa Section and the Tarbush-Creosote Bush Section of the 
Chihuahuan Desert and the Grama-Buffalo Grass Section of the Great Pla ins 
Shortgra ss Pra i r i e .  The G rama-Tobosa Section is a climax desert g ra ssland 
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Table H-53 .  Ecological Characte r ist ics  of Soils at the WIPP Sitea 

Soil 
ser ies 

Ber i no  

Kermit 

Soil 
order/ 

suborder 

Ar id isol 
Ar ig id 

En t i  sol 
Psamment 

So i l  
capabi lity 

un it 

VIIe-1 

VIIe-3 

VIIe-3 

So il-management considerations 

Agr icultural potentialb 

Unsu i table for dryland farming . 
So ils are too sandy and rain
fall too low and undependable . 
Suitable only for nat ive 
pastu re and w i ldlife hab i ta t .  

Unsuitable for dryland farming . 
Ra infall is low and undepend
able and so il texture 
is too coarse. Su i table for 
w i ldlife habi tat and native 
pasture . 

Unsui table for dryland farming . 
Ra infall is low and undepend
able and so i l  texture is too 
coars� . Sui table for w i ldlife 
hab it and nat ive pastu re . 

Management cons iderat ions 

So i ls subj ect to severe wind erosion 
if vegetat ion cover not ma inta ined. 
Natural revegetation of eroded a reas 
is d iff icult and slow. So i ls must 
be constantly protec ted from 
overgraz ing. 

Soils subjec t  to severe wind eros ion 
if vegetative cover not ma inta ined. 
Natural fertility and organ ic-matte r 
content are low. Grasses should not 
be overgrazed . 

Soils subjec t  to severe wind eros ion 
if vegetative cover not ma inta ined. 
Natural fer t i l i ty and organic-matte r 
content a re low. Grasses should 
not be overgrazed . 

aBased on data from the Soil Conservat i on Serv ice ( 197 1) . 
�one of the so ils at the site or in the vic inity are suitable for irr igated farmland . Because of the physical 

and chemical character istics of the so i l s ,  there is a lack of an adequate supply of good-quality water in the s i te 
reg ion . 



commun ity . At lower elevations in th is sec tion , dense stands of shrubs are 
common . The Tar bush-Creosote Bush Section has been descr ibed as a d isclimax 
shr ub type that wa s  or ig ina lly deser t  grassland (Castetter , 195 6 ) . Over
g razing has caused an increase in shr ub species that once occupied only iso
lated areas (Gardner , 1 9 5 1 ) . The Grama-Buffalo Gra ss Sec tion is a shor t-g rass 
pra ir ie found in ar id areas where the g rowing season is short and precipi
tation is not reta ined in the so il (Weaver and Albertson , 19 56 ) . 

Kuechler ( 1 9 7 5 )  has descr ibed the potential natural vegetation of the 
reg ion largely as Trans-Pecos Scr ub Savanna in the southern and central  por
tions , Grama-Buffalo Gra ss in the north and east , and Grama-Tobosa Shr ubsteppe 
and Creosote Bush-Tarbu sh in the nor th and we st . 

More recently , Donar t  et a l .  ( 19 7 8 )  have descr ibed Eddy County as  belong
ing largely to the Ch ihuahuan Reg ion of the Gra ssland Formation and the 
Ch ihuahuan Region of the Desert Shr ub Formation ;  the potential natural veg
etation of Lea County is classified as the Chihuahuan Reg ion , the Pla ins Re
gion ,  and the Pra ir ie Reg ion of the Grassland Formation .  The following 
Chihuahuan Reg ion assoc iation s  occur : 

• Creosote/Bush Muhly--at one t ime predominantly gra sslands with scat
tered c reosote bush ; pr inc ipal g rasses were black g rama , bush muhly , 
and scattered tobosa .  

• Catclaw--pr imar ily an Ar izona shrub , i t  dominate s  an assoc iation of 
l imited d istr ibution around Car l sbad and in southwestern New Mexico. 

The Ch ihuahuan Reg ion of the Grassland Formation conta ins four as
sociations in the two-county reg ion (Donart et al . ,  1 97 8 ) : 

• Burrogra ss--dominated by burrog ra ss in assoc iation with tobosa and 
inclu sions of gyp g rama , gyp dropseed, colden i a ,  and fluffg rass .  

• Mixed Grama/Three-Awn--dominated by black grama and three-awn s  in  as
sociation with moderate amounts of blue , ha iry , and s ideoa ts g ramas and 
occasional plants of mesa and sand dropseed .  

• Black Grama/Mixed Dropseed--dominated by black g rama i n  a s sociat ion 
with mesa dropseed , sand dropseed , spike dropseed , giant dropseed , and 
scattered yucca ., 

• Mixed Dropseed/Black Grama--dominated by dropseed spec ies in as
soc iation with black g rama , yucca,  and , in some area s ,  sand sagebrush . 

Several au thors  have character ized the success ional patterns in the re
gion .  Shantz ( 19 17 )  descr ibed the area as a g raz ing d iscl imax .  Explanat ion s  
for th e  shift o f  vegetation from tall and mid-grasses to shr ubs ( notably sage
brush, sh innery oak , mesqu ite , and creosote bush) include the exclu s ion of 
fire ( Sauer , 1950 ; Humphrey , 19 5 3 ; Wingfield ,  195 5 ) , overgraz ing by cattle 
(Campbe ll , 19 2 9 ;  Wh it field and Ande r son , 19 38 ; Wh itfield and Beuthe r ,  1938 ) , 
and chang ing climate . Yor k and Dick-Pedd ie ( 19 6 9 ) have attr ibuted the recent 
occupation by me squi te in southern New Mexico to the effects of cattle and 
note that the appearance of graz ing is the only event that coinc ides with the 
t i.me of th is spec tacular change in vegetation .  
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Several plant spec ies in the reg ion are impor tant to wildli f e .  For ex
ample , me squ i te p rov ides abundant forage for herb ivorous and g ran ivorous spe
c ie s ,  such as scaled qua il (BLM, 1977 ) . Me squite , shinnery oa k ,  and other 
shr ubs p rovi de forage and cover for a var iety of game and nongame spec ie s ,  
such a s  mule deer and mourn ing dove . 

Vegetation i n  the study area 

The vegetat ion of the study area con s i s ts of shr ub-dominated seral com
mun ities that are at lea st partly a result of severe overg raz ing in the late 
1800 s .  No crops are cult ivated.  

The area is flor i s t ica lly heterogeneous ( Figure H-19 and Table H- 54 ) . 
Th is he terogene ity has a number of cause s ,  wh i ch i nc lude s i te-spec i f ic terrain 
fea ture s ,  changes in so il type and depth , etc . 

F ive ter ra in-related or topog raph ic-edaph ic zones of vegetation can be 
d i s t i nguished with in the study area . These are discussed separate ly below .  

Me squ i te g ra ss land ( "mesa " )  zone . A low mes a ,  the D iv ide , l ies on the 
ea stern edge of the study area ( see Power s  et al . ,  1978 , Sec tion 4 . 2 . 2 ,  
pp . 4-7 to 4-9 , f or a d iscu ssion of the sur f ic ial geology) . It  suppor ts fa i r 
ly typical deser t gra ss land vegeta tion .  Honey mesquite ( Prosopis glandulosa) 
and s nak eweed (Gutierrezia saroth rae) are the dominant shr ub and subshrub ,  
respec tively ; gra sse s are also abundant . Impor tant spec ies inc lude burrog ra ss 
( Scleropogon b rev ifo l iu s ) , black g rama ( Bou teloua er iopoda ) , bush muhly 
(Muhlenbergia por ter i ) , and fluffgra ss ( Tr idens pulchellus) . 

-

Cac t i , espec i a lly var i eties of pr ickly pear (Opunt ia phaeacantha ) ,  are 
pre sent bu t not common . Yucca tor rey i , also uncommon , i s  complete ly absent 
from the dune pla in s ,  whe re another species , !.!._ campe str i s ,  i s  common . Th is 
area is heav ily gra z ed . Further dete r ioration in it s range cond ition in fu
tu re could lead to i nc r eased shr ub den s i ty .  

Cen tra l dune zone . Th is zone ac tually i s  made up of three dune-related 
s ubzone s :  stab i l i z ed dunes ,  oak-mesquite hummocks , and ac t ive dunes . 

Stab i l i z ed  dunes make up the greate st par t  of the cen tral dune zone . Th is 
is re flec ted i n  the trad itional name for the area , Los Medanos ( " the dunes " ) . 
Sh innery oak (Quercu s havard i i ) , honey mesquite ( Prosopi s  glandulosa ) ,  sand 
sagebr ush (Ar tem isia f i l ifo l ia ) , snakeweed (Gutier rez ia sarothrae ) , and dune 
yucca (Yucca campestr i s )  are the dominant shr ub s .  In cer ta in s ite s ,  all of 
these spec ies are present ; in other s i tes , one or more is e ither missing 
ent i re ly or very low in density . Locali z ed var iat ions in so i l  type and depth 
appear to be the ma j or causes of th is heterog ene i ty .  The stab i lized-dune 
subzone , there for e ,  consists  of a " patchwor k "  of c lose ly re lated but dist inc t  
flor istic a ssoc iations . Gra sses are common throughout the s ubzone . Purple 
three-awn ( Ar ist ida purpurea)  is found at  the major ity of  the study s ite s and 
is the most common pe renn i a l  g ra ss i n  the zone . Other f requent spec ies are 
red three-awn (�. long iseta ) ,  sand dropseed ( Sporobolus cryptandr us) , giant 
dropseed (�. giganteu s ) , black g rama ( Bou teloua er iopoda ) , ha iry g rama (�. 
hirsuta ) , and fall witchgra ss ( Leptoloma cogna ta ) . 
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Table H- 54 . Plants Repor ted in the Te rrestr ial Ecology Study Ar ea and at 
Nearby S ite s Du r ing 1978 and 1979 a 

Tax on 

Agavaceae 
*Yucca campestr is 

Y. elata 
Y .  tor reyi 

Aizoaceae 
Mollugo ver t i c i llata 

Amaranthaceae 
*Amaranthu s albus 

A. bli to ides 
A .  hybr idu s 
A .  palmer i 
A .  prostrata 

*Froe l i ch ia flor i dana 
var . campe str is 

Gu i l leminea densa 
var . agg regata 

Tidestromia lanug i nosa 

Amaryl l i daceae 
Zephyranthes long ifoli a 

Anacard i aceae 
Rhu s mi crophylla 

Asclepi adaceae 
*Asclepias arenar ia 

A.  nyc tagin ifo lia 
A . oenother ioides 
A. vir id iflora 

Bignon iaceae 
Ch ilops is l i near is 

Borag i naceae 
Ams i nc k i a  i nte rmed ia 
Colden ia canescens 
� hispi diss ima 
Cryptantha angu stifolia 

*� j amesii  var . laxa 
� jame s i i  var . setosa 

*Heliotropium convolvulaceum 
H .  cu ra ssav i cum 
H .  cura ssav icum va r .  obovatum 
H .  g regg i i  
Lithospermum mult i f lor urn 

Corranon name 

Dune yucca 
Pa lmi lla , soaptree yucca 
Tor rey yucca , Span ish 

dagger 

Ind ian ch ickweed 

Tumbleweed amaranth 
Pros tra te pigweed 
Green amaranth 
G i ant amaranth 

Snak ecotton 

Cottonflowe r 
Woo l ly t ide s tromia 

Zephyr-lily 

Litt leleaf sumac 

Dune milkweed 
Four -o-clock milkweed 
Pr imr ose mi lkweed 
Green- flowe red milkweed 

Deser t willow 

Fiddleneck 
Spread ing co lden i a  
Hispid colden ia 
Nar rowleaved h i ddenflower 
James hiddenflowe r 
Se tose h i ddenflower 
Bi ndweed heliotrope 
Salt he liotrope 
Blunt leaf heliotrope 
Desert he l iotrope 
Stone seed 

H- 107 

Growth 
formb 

s 
s 

s 

A 

A 
A 
A 
A 

A 

p 
A 

p 

s 

p 
p 
p 
p 

s 

A 
SS 
SS 
A 
B ,  p 
B ,  p 
A 
p 
p 
p 
p 



Table H- 54 . Plants Repor ted in the Terrestr ial Ecology Study Area and at 
Nearby Sites Dur ing 1978 and 1979a (continued) 

Tax on 

Cactaceae 
Coryphantha macromer is 
Echi nocactus texens is 
Ech inocereu s caespitosus 

*E . fendler i QPunt ia dav i s i i  
o .  k le iniae 
o .  leptocaulis 

*O. phaeacantha 

Caryophy llaceae 
Paronych ia jamesi i 

Chenopod i aceae 
Allenrolfea occ identalis 
Atr iplex canescens 
Chenopoa ium desiccatum 
C .  hians 
c .  incanum 

*eycloloma atr iplic ifo lia 
*Salso la kali var .  tenu ifoli a 

Comrnelinaceae 
Commeli na dianthifolia 

*f..!. erecta var . angust ifo lia 
Tradescantia occ identa lis 

Compositae 
Ambrosia  ar temisifolia 
Aphanostephus ramosissimus 
Artemi s ia fi lifoli a 
A .  ludoviciana 
Bacchar is wr ightii 
Bahia pedata 
Ba ileya multiradiata 
Ber landiera lyrata 
Chrysothamnu s pulchellus 
.£:.. spathulatus 
Cirsium spp . 
Conyza coul ter i 
Dyssod ia acerosa 

Common name 

Pincush ion cactus 
Texas devilshead 
caespitose hedgehog 
Fendler hedgehog 
Dav is cholla 
Kle in cholla 
Chr istmas cactus 
Pr ickly pear 

Na ilwort 

Pickleweed 
Four-wing saltbush 
Thickleaf goosefoot 
Fetid goosef oot 
Gray goosefoot 
Winged pigweed 
Russian thistle ,  

tumbleweed 

Birdbill dayflower 
Erect dayflower 
Western spiderwor t 

Shor t ragweed 
La zy daisy 
Sand sagebrush 
Wormwort 
Wr ight bacchar is 
Bahia 

;: 

Desert mar igold 
Lyrate g reeneyes 
Southwe st rabbitbrush 
Bluntleaf rabbitbrush 
Thistle ( rosette) 
Coulter conyza 
Acerose dogweed 
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Table H-54 . Plants Repor ted in the Terrestr ial Ecology Study Area and at 
Nearby Sites Dur ing 1978 and 1979a (cont inued) 

Tax on 

Compositae ( continued) 
0yssod ia pentachaeta var .  hartwegii  
Er igeron be llid iastrwn 
� bigelovii Gray 
Flourensia cernua 
Franser ia confer tiflora 
Ga illard ia pinnatifida 
Q,:_ pulchella 
Gutierrezia microcephala 

*G. sarothrae 

Haplopappus spinulosus var . australis 
!!.!_ spinulosus var .  glaberr imus 
!!.!_ spinulosus var . scabrellus 

*Helianthus petiolar is 
!!.!_ petiolar is s ubsp. fa llax 

*Heterotheca psammoph ila 
Hymenopappus flavescens var . 

cano-tomentosus 
Hymenoxys scaposa var . glab ra 
!!.!_ scaposa var .  scaposa 
Leucelene er icoides 
Machaeranthera tanacetifolia 
Melampod iwn c inerewn 

*M. leucanthum 
*Palafoxia sphacelata 
Parthen iwn confer twn 

*Pect is angu st ifo lia 
Pere z ia nana 
� wr igh� 
Psilostrophe taget ina 
P .  villosa 
Rat ibida tagetes 
Sar twellia flaver i ae 

*Senec io multicapitatus 
.§_:,_ douglas i i  var . longilobus 
Stephanomer ia pauc iflora 
Thelesperma megapotamicwn 

*Verbesina encelioides 
Xanthocephalwn texanwn 

*Zinnia grand iflora 

Convolvulaceae 
Cuscuta leptantha 
Evolvulus nu ttallianus 
� pilosus 

Common name 

Hartweg dogweed 
Western fleabane 
Bigelow fleabane 
Tar bush 
Bur sage 
Pinwheel 
Firewheel 
Srnallhead snakeweed 
Snakeweed , broom 

snakeweed 
Spiny yellow aster 

Pra ir ie sunflower 
Pra ir ie sunflower 
carnphorweed 

Wh ite ragweed 
Smooth hymenoxys 
Scapose hymenoxys 
Baby wh i te a ster 
Cutleaf aster 
Blackfoot 
Blackfoot 

Desert fever few 
Fetid mar igold 
Dwar f  holly 
Wr ight desert holly 
Paper da isy 
Desert paper flower 
Mar igold coneflower 
Gypswnweed 
Groundsel 
Longlobed groundsel 
Wire lettuce 
Greenthread 
Golden crownbeard 
Snakeweed 
Wild z innia 

Dodder 
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Table H-54 . Plants Repor ted in the Terrestr ial Ecology Study Area and at 
Nearby Sites Dur ing 1978 and 1979a ( continued) 

Tax on 

Cr uc iferae 
Descura inia pinnata var . halictor um 
E.!. pinnata var . ochroleuca 
Dithyrea wis liz en ii 
Draba brachycarpa 
Erysimwn asperum 
Greggia camporum var . linear ifolium 
Lepidium montanum 

*h virgin icwn var . medium 
Lesquerella fendler i 
h grac ilis 
Streptanthus car inatus 

Cucurbi taceae 
*Cucurbita foetidissima 
*C . texana 

Citrullus vulgar is var . c itroides 
Ibervillea tenu isecta 
I .  tr ipar tita 

Cyperaceae 
*Cyperus schwe init z i i  

Euphorbiaceae 
Argythamnia humilus var .  laevis 

*Croton d io icus 
£..:.. glandulosa var . lindhe imer i 
£..:.. potts ii 

*C . texensis 
Ditaxis neomexicana 
Euphorbia fendler i 
.!!.. glyptosperma 
E .  heterophylla 
E. lata 
E. micromera 

*E . missur ica 
E .  missur ica var . intermed ia 
.!!.. prostrata 

*E . serpens 
E .  serpyllifo lia 
E. serrula 
Phyllanthu s  abnormis 
Reverchonia arenar ia 

Tragia stylar is 

Conunon name 

Tansy mu stard 
Tansy mustard 
Spectacle pcx1 
Twistpod 
Western wallflower 

�untain peppergrass 
Peppergra ss 
Fendler bladderpcx1 
Smooth bladderpod 
Wr ight twistflower 

Buffalogourd 
Texas gourd 
Citron melon 
Cutleaf globeberry 
Three-lobed globeberry 

Flatsedge 

Wild mercury 
Doveweed 
Croton 
Leatherweed 
Texas croton 
New Mexico mercury 
Fendler spurge 
Ridge-seed spurge 
Catalina 
Spurge 
Spurge 
Spreading spurge 
Spreading spurge 
Flat spurge 
Serpent spurge 
Thymeleaf spurge 
Serrulate spurge 
Leaf-flower 
Dune reverchon ia , 

duneweed 
Nose burn 
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Table H-54 . Plants Repor ted in the Terrestr ial F.coloqy Study Area and at 
Nearby Sites Dur ing 1978 and 1979a ( continued) 

Tax on 

Ephedraceae 
Ephedra torreyana 

Fagaceae 
*Quercus havard i i  
� havard ii X 2.!_ rnuhlenberg i i  ( hybr id) 

Gentianaceae 
Centauriurn calycosum var .  breviflorurn 
f..!_ calycosurn var . calycosurn 

Grami neae 
Andropogon bar binod is 
� scopar ius 

*Ar istida barbata 
*� long is eta 
� pansa . 
� par ish ii  

*� purpurea 
� wr ight i i  
Avena sativa 
Bouteloua barbata 
!:_ curtipendula 
!:_ er iopoda 

*B . h ir suta 
*Brachiar ia c iliatissima 
*Bromus cathar ticus ( B .  unioloides) 
*Cenchrus insertus 

Chlor is cucullata 
Enneapogon desvaux ii 
Eragrostis ar ida 

*E. secundiflora 
E." sil veana 
Bf lar ia rnutica 

*Leptoloma cognata 
Muhlenbergia arenacea 

*M. por ter i  
M .  tor reyi 

*Munroa squarrosa 
*Panicurn capillare 

P. obtusurn 
*Paspalurn setaceurn 

P .  strarnineurn 
*Scleropogon brevifolius 

Setar ia leucopila 

Growth 
Common name forrnb 

Joint-fir , Mormon tea S 

Havard oak , shinnery oak S 
s 

Small-flowered rosi ta 
Rosi ta 

cane bluestern 
L i ttle blues  tern 
Havard three-awn 
Red three-awn 
Wooton three-awn 
Par ish three-awn 
Purple three-awn 
Wr ight three-awn 
Common oat 
S ixweeks g rama 
Side-oats grama 
Black g rama 
Hairy grarna 
False buffalog rass 
Rescue grass 
Sandbur 
Hooded f ingergrass 
Spike pappusg ra ss 
Desert lovegrass 
Mexican loveg rass 

Tobosa 
Fall witchgrass 
Ear muhly 
Bush muhly 
Ring muhly 
False buff alograss 
Common witchgrass 
Vine-mesquite 
Knotg rass 
Strarnineous knotgrass 
Burrog rass 
Br istlegrass 

p 
p 

p 
p 
p 
p 
p 
p 
p 
p 
A 
A 
p 
p 
p 
p 
A 
p 
p 
p 
A 
p 
p 
p 
p 
p 
p 
p 
A 
A 
p 
p 
p 
p 
p 

H-111 



Table H- 54 . Plants Repor ted in the Terrestrial Ecology Study Area and at 
Nea r by Sites Dur ing 1978  and 1979a ( continued ) 

Tax on 

Gramineae ( cont i nued ) 
*� mac rostachya 

Sporobolus contractus 
*� cryptandrus 

s .  flexuosus 
*� giganteus 

S t ipa neomex icana 
Tr ichachne ca li for n ica 
Tr idens mut i cu s  
!!_ pulchellus 

*Tr ipla s i s  purpu rea 

Hydrophy llaceae 
Nama carnosum 
� hispidurn 
Phaceli a cor r ugata 
!:!. integr ifo1i a 
P .  inte rmed ia 

Koeber liniaceae 
Koeber linia spinosa 

Labiatae 
*Monarda punc tata var . las iodonta 

Scu te llar ia dr urmnond i i  
Teuc r ium canadense 

Legumi nosae 
Acac ia constr icta 
A .  neovern icosa 
cass i a  bauh in ioides 
Dalea f ormosa 
D .  lanata 
HOf fmanseggia b r achycarpa 
H .  dens i f lor a 
!h_ drepanocarpa 
!h_ glauca 
!h_ jame s ii 
Kramer ia lanceolata 
!..!._ g landulosa 
Mimosa biunc ifera var . glabre scens 

*Prosopis g landulosa 

Linaceae 
*Linum ar is tatum 
*L . ar is tatum var . au strale 
� puberulum 

Cormnon name 

Plains bris tleg ra ss 
Spike dropseed 
Sand dropseed 
Mesa dropseed 
Giant dropseed 
New Mexico needleg rass 
Ar izona cottontop 
S l im tr idens 
Fluffg rass 
Purple sandg ra ss 

Perenn ial nama 
Hispid nama 
Cor r ugate scorpionweed 
Small- lobed scorpionweed 
Wooton scorpionweed 

All thorn 

Spotted hor semi nt 
Dr urmnond skullcap 
Germander 

Mescat acac ia 

Senna 
Featherbu sh 
Woolly da lea 

Hog potato 
S ick lepod rushpea 
Smooth rushpea 
Hog pota to 
Lanceleaf ra tany 
St icky ratany 
Catclaw mimosa 
Honey me squ i te 

Plains flax 
Southern Plains f lax 
Pla ins flax 
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formb 
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A 
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Table H-54 . Plants Repor ted in the Terrestr ial Ecology Study Area and at 
Nearby S ites Dur ing 1978 and 1979a (cont inued) 

Tax on 

Loasaceae 
Cevall i a  sinuata 
Mentze lia humil is 
M.  pumila 
M.  pumila var . mult iflora 
M. reverchon ii 
M .  s tr ict issima 

Malvaceae 
Sida physocalyx 
Sphaeralcea coccinea 
� d igita ta 
S .  subhastata 

Martyniaceae 
Proboscidea sabulosa 

Nye tag i naceae 
*Abron ia fragrans 
Acle isanthes longiflora 
Ammocodon chenop<?dioides 
Boerhaavia intermedia 
Oxybaphus albidus 
O .  glaber 

*O . linear is var .  dec ipiens 

Selinocarpus d iffusus 

Oleaceae 
Menodora scabra var .  ramosissima 

Onagraceae 
calylophus dr wmnond ianus 
f.!_ hartweg ii s ubsp . pubescens 

*C. serr ulatus 
Gaura coccinea 
� suffulta subsp . nealleyi 

*G .  villosa 
*OEnothera albicaulis 

� bienn is s ubsp . centralis 
O .  engel.manii 
o. neomexicana 

Orobanchaceae 
Orobanche multiflora 

Common name 

Sting ing stickleaf 
Stick leaf 
Golden blaz ing star 
Golden blaz ingstar 
Reverchon stickleaf 
Prair ie stickleaf 

Sida 
Rosemallow 
Dig itate rosemallow 
Coulter rosemallow 

Dune unicornplant 

Snowball sandverbena 
Angel trumpets 
Goosefoot moonpod 
Spider ling 
Wh ite four-o-clock 
Smooth four-o-clock 
Narrow-leaved four-

o-clock 
Spreading moonpod 

Rough menodora 

Drwmnond pr imrose 
Hartweg pr imrose 

Scar let gaura 
Nealley gaura 
Hairy gaura 
Wh itestem evening 

pr imrose 
Dune pr irnrose 

New Mex ico evening 
pr imrose 

Broomrape 
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Table H-54 . Plants Repor ted in the Terrestr ial F.cology Study Area and at 
Nearby Sites Dur ing 1978 and 1979 a (continued) 

Taxon 

Papaveraceae 
Argemone aenea 

Polemooiaceae 
Ipanopsis longiflora 
.!..!.. pumila 

Polygonaceae 
Er iogonum abertianum 
B. annum 
.!:_ leptocladon 
.!:_ polycladon 

*E. rotund ifolium 
Rumex hymenosepalus 

Polypod iaceae 
Notholaena sinuata var .  choch isensis 

Portulacaceae 
*Portulaca parvula 

P. retusa 
Talinum angust issimum 

Ranunculaceae 
Delphinium ajac is 
� vierescens s ubsp. wootoo ii 

Rhamnaceae 
Microrhamnu s er icoides 
Z iz iphus obtus ifolia 

Rubiaceae 
*Hedyotis humi fusa 

Rutaceae 
Thamnosma texana 

Sapindaceae 
*Sapindus drunmond ii 

Sc rophular iaceae 
cast illeja sessiliflora 
Linar ia texana 

*Maurandya wisliz en ii 
*Penstemoo ambiguus 
E.:_ buck ley i  
P .  f endler i 

Common name 

Pr ickly poppy 

Blue g ilia 

Abert buckwheat 
Winged buckwheat 

Woolly buckwheat 
Roundleaf buckwheat 
Wild rhubarb 

Cloak fern 

Small purslane 
Retuse purslane 
Fame flower 

Rocket larkspur 
Pla ins larkspur 

Javelinabush 
Lotebush 

Bluets 

Dutchman ' s  breeches 

Drununond soapberry 

Desert paintbrush 
Texas toadflax 
Vining snapdragon 
Pla ins beardtongue 
Buckley beardtongue 
Fendler beardtongue 
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Table H-54 . Plants Repor ted in the Terrestr ial Ecology Study Area and at 
Nearby Sites Dur ing 1978 and 1979a ( continued) 

Taxon 

Solanaceae 
Chamaesaracha con ioides 
C .  villosa 
Lycium ber land iera 
Nicotiana tr igonophylla 
Physali s lobata 
P .  hederaefolia var . cord ifolia 
P. hederaefoli a var .  puber ula 

*Solanwn elaeagn ifolium 
s .  rostratwn 

Tamar icaceae 
Tamar ix pentandra 

Ulmaceae 
Celtis reticulata 

Umbelliferae 
Eurytaen ia texana 

Verbenaceae 
Aloysia wr ightii 
Tetraclea coulter i 
Ver bena brac teata 
v. ciliata 
v. plicata 
v. wr ightii 

Violaceae 
Hybanthus ver ticillatus 

Zygophyllaceae 
Kallstroemia grandiflora 
Larrea tr identa ta 
P!ganum mexicanum 

*Tr ibulus ter restr is 

Growth 
Common name formb 

False nightshade p 
Villous false n ightshade p 
Wolfberry s 
Wild tobacco B ,  p 
Lobed ground-cherry A 
Clammy ground-cherry p 

p 
Horsenettle p 
Spiny nightshade A 

Salt cedar T, S 

Netleaf hackberry T 

Texas spreadwing A 

Wr ight lemon verbena s 
Coulter tetraclea p 
Prostrate verva in A 
C iliate verva in A 
Fanleaf verva in A 
Desert verva in A 

Green violet p 

Desert poppy A 
Creosote bush s 
Garbanc illo p 
Goathead A 

aTaxa arranged alphabetically by family , genus,  and spec ific epithet . 
Those marked with an aster isk have been found within 2 km of ERDA-9 . 

bc;rowth form:  A • annual 1  WA • winter annua l 1  B • biennial 1 P = 
perennial 1 SS • suffr u tescent i S • shr ubby1 T • arborescenti  HV = herbaceous 
vine 1 WV • woody vine . 
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Sandbur (Cenchrus incertus)  is loc�lly abundant in sandy spots . Muhly 
(Muhlenbergia spp , )  occur sporad ically on compact so ils . Scatte r ed bluestern 
(Andropogon spp . ) occur at many site s .  False buffalograss (Munroa squarrosa) 
is the most corranon annual g ra ss , be ing very dense in spr ing and ear ly summer 
in some year s .  

I n  certa in areas the sand is only partially stabili zed by vegetation .  
Stabiliz ed " islands" o f  sh i nnery oa k  and mesquite-anchored soil a r e  separated 
by stretches of bare sand . The bare sand is highly susceptible to eros ion . 
Thus wind erosion forms depressions , or blowouts , in the bare-sand area s ,  
leav ing the stabilized por t ions a s  slightly elevated hurranocks.  The vegetat ion 
is not g r eatly d ifferent from that found in shinnery oak-mesquite a s soc iat ions 
in the fully stabilized dune area . Its con figuration in isolated hurranocks is 
what is most d istinctive about th is subzone . The potential for wind erosion 
is , of course , greater in yea r s  of low ra infall , when ground cover is lowest , 
than in years of good ra infall . 

A relatively small zone of ac tive dunes runn ing east-west is  located just 
southea st of the James Ranch headquar ter s .  Vegetation is  spar se , but includes 
stand s of a small tree , western soapber ry (Sapindus dr urranond i i ) , and the an
nual dune reverchonia (Rever chonia arenar ia ) . Perennials are snowball 
sandverbena (Abron ia fragrans ) and spec ies of unicornplant ( Probosc idea 
spp. ) .  All but Rever chonia occur sporad ically elsewhere in the central dune 
area . 

Creosote flats . West and southwest of the central dune area , the soils 
become relat ively dense and shallow (often only a few centimeters  deep) • The 
caliche may even be exposed in places . The flor istic compos it ion changes 
dra stically .  Creosote bush ( Larrea tr identata ) becomes dominant .  Snakeweed 
(Q. sarothrae ) is the dominant sub shrub . Sh innery oak and sanq sagebrush are 
absent . Sp� ies of the perenn ial muhlys (Muhlenbergia spp . ) are qu ite dense 
here , as are purple three-awn and black grama .  Mesquite is present , sporad
ically occu rr ing in clumps in depression s ,  but does not have s ign ificant cover 
value . 

Living ston Ridge . In th is area the so il rema ins compact and shallow , with 
occa sional outcrops of rock or ca liche . Creosote bush g ives way to an Acacia
dominated assoc iation at the top of the r idge .  In add ition to mescat acac ia 
(A .  constr ic ta ) , also k nown as wh i te thorn acac i a ,  Q .  havard i i ,  G. sarothrae , 
and !!._  campestr is are the shr ubby dominants here . �croton (Croton d ioicus)  
and a ratany ( Kramer ia lanceolata) are corranon perennial herbs . Muhlenbergia 
por ter i i s  the most abundant perenn ial grass . 

Tobosa flats . The western face of Livingston Ridge drops abr uptly about 
20 0 feet  to a broad valley floor ( " flats" ) densely populated with tobosa grass 
( Hilar ia mutica ) . Th is spec ies is uncorranon elsewhere in the study area . 
Purple three-awn (Ar istida purpurea ) is the only other grass of s ignif icanc e .  
Creosote bush and ratany reappear � acac ia is absen t .  Snakeweed is un impor tant 
here . Spar se stand s of Yucca tor reyi are found . 

Stud ie s  have concentrated on the central dunes area because it includes all  
of control zones I and II . In the four sec tions around ERDA-9 , the vegetat ion 
has been examined in deta i l .  I t  i s  a relatively homogeneous stabilized-dune 
area suppor ting a shinnery oak , sand sagebrush ,  and dune yucca assoc iation . 
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Me squite is not a promi nent shr ub , although it is frequently a domi nant 
elsewhe re in the dune area.  Very dense stands of sh innery oak are cormnon . 
They exist as low shr ub s  usually less than 1 mete r tall . Th ickets form by 
vegetat ive reproduction ( root sprou ts) : thus many of the oak stands are 
genet ically single en tit ies ( i . e . , clones) . Acor n formation depends on ra in
fall . The fa i lure of the spr ing rains in 1 9 78 inh ibi ted pisti lla te flower 
format ion and resulted in very few acorn s  that year . In 1979 , a relatively 
" wet" y ear , the c rop was larger than in 1978 . Snakeweed (Gut ierrezia 
sarothrae ) is spar se in the ERDA-9 area . 

Annuals are e specia lly abundan t :  bindweed heliotrope (Heliotropium 
convolvulaceum) , dese r t  bluets (Hedyot is humi fusa ) , and fetid mar igold ( Pec tis 
angu st ifo lia) are most cormnon . 

False buffalog ra ss (Munroa squarrosa ) in  some years  is the mos t  abundant 
g ra ss ( up  to 3 10 , 000 plants per hec tare ) . Other cormnon g ra sses are black 
grama (Bouteloua er iopoaa ) and spec ies of three-awn ( Ar istida ) . Spec ies of 
5porobolus ( dropseed) and Muhlenbergia (muhly ) , and purple s andg ra ss 
( Tr iplasis purpurea ) occur late in the growing sea son.  

All taxa collec ted and iden t i f i ed in  the area around ERDA-9 a re listed in  
Table H-54 . Typ ical views of  the site are  shown in Figures H-20 through H-2 3 . 

H . 5 . 2 . 3  Wi ld life 

Typ ical g ra ss land and shr ubland spec ies dominate the fauna of Eddy and Lea 
Counties : the i r  d i str ibution and abundance are strongly affec ted by water 
ava ilabili ty .  The limi ted areas of cropland are of spec ial impor tance to many 
species of wildlife becau se they prov ide both food and wa ter . S tock ponds on 
rangeland s  are wa ter sources for wild l i fe as we ll as cattle . 

Marmnals 

Abou t 46 spec ies repre senting nine marmnalian orders are repor ted to occur 
within the two-county reg ion . Among these are 1 5  spec ies of bats , few of 
wh ich have ever been observed east of the Pecos River . Some spec ies form very 
large colonies ( e . g . ,  the Braz i lian f r ee-ta i led bat in the Car l sbad Caverns 
area) . The one ground-dwe lling insec tivor e ,  the dese r t  shrew, is  widely dis
tr ibu ted but scarce throughout i ts range . 

Lagornor ph s ( rabbits  and hares)  include the deser t cottonta il and black
ta iled j ack rabb i t .  Both are cormnon in dese r t-sh r ub commun itie s ,  but they 
also occur in gra ss land and farmland . 

Deser t-dwe ll i ng rodent spec ies include k angaroo ra t s ,  gra sshopper mic e ,  
and pocket mice . Two introduced species , the hou se mouse and the Norway rat , 
are typically found near human hab itation s .  

Seve ral carn ivore spec ies are widespread and relat ive ly cormnon ( e . g . , 
coyote , gray fox , badger , str iped skunk , bobcat) .  

Four game and ten furbearer spec ies ( Table H- 55 )  are found in the reg ion . 
Furbearers that are close ly assoc iated with wa te r ( e . g . , beaver and muskrat) 
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Figu re H-20. Sand dunes at the W I PP site. 

F igure H-2 1 .  Typical view of the W I PP site. 
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F igure H-22. Blowout area. 

F igure H-23. Typical stabi l ized dunes. 
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Table H-55 . Game Marrunals and Furbearers of the Two-County Reg ion 

Corrunon namea Scientific namea Statusb 

Beaver 
Muskrat 
Sw ift fox 
Gray fox 
Ring ta il 
Raccoon 
Long-ta iled weasel 
Badger 
We stern spotted skunk 
Str iped skunk 
Mountain lion 
Mule deer 
Wh i te-ta iled deer 
Pronghorn 

Castor canadens is 
Ondatra z ibethicus 
Vulpes velox 
Urocyon cinereoargenteus 
Bassar iscus astutus 
Procyon lotor 
Mu stela frenata 
Taxidea taxus 
Spilogale grac ilis 
Mephit is mephit is 
Fe l is concolor 
Odocoileu s hemionus 
Odocoileus virginianus 
Antilocapra amer icana 

acorrunon and scientific names follow Jones et al . (1975 ) . 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
G 
G 
G 
G 

bGame status from 1977 hunting and trapping regulation s :  F = furbearer 7  G = 

game species.  

are not corrunon and occur only along the Pecos River , more than 10  mi les from 
the site.  Coyote are trapped intensively throughout the region . Mule deer 
are an impor tant game an imal in the reg ion . The pronghorn is basically a 
pla ins an imal , but it is also found in desert-shrub and desert-grassland habi
tats in the ar id southwest (Wallmo, 1975 ) . 

Marrunals of the study area 

Thir ty-nine spec ies of mammals are known to occur within the study area. 

Three spec ies of bats have been collec ted dur ing two sununer seasons of bat 
study . None of these were previou sly repor ted east of the Pecos in south
ea stern New Mexico .  The most corrunonly collected bat at the s ite , the cave 
myotis ( Myotis velifer ) ,  almost certa inly roosts nearby becau se heavily preg
nant females with l imited flight ranges were collected in 1978 and 1979 . It 
is likely that roost sites occur along Livingston Ridge,  but none have been 
located . The Braz i lian f r ee-ta iled bat (Tadar ida braz i liens is) , which i nhabits 
Car lsbad Caverns , was first collected at the site in 1979 . All spec imens of 
bats were collected at stock tanks at the s i te .  

Several small mammals are abundant . The desert cottonta il and the 
blackta iled j ack rabbit occur in all habitats . 

Among the rodents , there are obvious habitat preferences . Ord ' s  kangaraoo 
rat (Dipodomys ord i i ) , for example , is found in all habi tats of the central 
dunes zone and on the mesa , but not on the creosote bush flats , which are in
habited by Merr iam ' s and bannerta il kangaroo rats (� me rr iami and � specta
bilis ) . The Sou thern Pla ins woodrat (Neotoma micropus)  is found in all habi
tats . The spotted ground squi rrel (Spermophilus spilosoma ) , on the other hand , 
is only found in the oak-mesquite assoc iations of the stabilized-dune area . 
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The manunals observed at the site and the ir habitat preferences are listed 
in Table H- 56 : those potentially i nhabiting the s i te are listed in Table H- 57 . 

Cer ta in spec ies recorded for F.ddy County , such as the rock mouse ( Peromys
� d i ff ic i lis) and the brush mouse (�. boyl i i ) , that are only found we st of 
the Pecos are not included in Table H- 57 because it is highly unlikely that 
they i nhabit the study area even though suitable habi tat may be present.  

The desert shrew probably does occur in the study area , but has not been 
collected . I t  is very d if f icult to trap and is always scarce. 

The southern gra sshopper mouse (Onychomys torr idus)  cannot be definite ly 
d i stingu ished ana tomica lly from the northern g rasshopper mouse (Q. leucogaste r )  
without examin ing the skulls o f  spec imens ( Traut,  1963 ) . The ir habitat pref
er ences are d ist i nc t ,  however : 2.!_ torr i dus prefers dense soil wh ile O .  leuco
gaster pre fer s sandy so ils (Gennaro, 1968 ) . Thus ,  it is poss ible that some 
spec imens ident i f i ed as 2.!_ leucogaster , especially those collected in creosote 
bush areas ,  are in fac t  2.!_ tor r idus ( see Table H-56 ) . 

Mule deer and pronghorn have been observed in the study area . Mule deer 
are COI!lllon : they frequent the oak-mesquite assoc iations of the stabili zed
dune area and the var ious stock-water ing tanks and ponds , but are also sighted 
in the creosote bush assoc iation .  

The most corranon predator i s  the coyote (Canis latrans ) , wh ich i s  frequently 
observed in all hab i tats of the study area . The swift fox (Vulpes velox) and 
the elusive gray fox (Urocyon cinereoargentus )  are uncormnon. 

The house mouse (Mus musculus) , an introduced spec ies,  has been collected 
in the central dune area . 

Domest ic an imals are inc luded in the marranal list because they are fre
quently encountered in the study area. Cattle and hor ses are pastured , 
usually separate ly ,  throughout the study area and are the most abundant large 
herbivores .  

Birds 

A large var iety of bird spec ies are recor ded for F.ddy and Lea Counties. 

Among the typical b i rds of the region is the whi te-necked raven , a year
round resident in much of the reg ion . Other fa ir ly corranon breeding spec ies 
are the mockingbird,  the pyrrhuloxia,  and the loggerhead shr ike . The lark 
bunt ing is a corranon migrant throug hout the area , as are several warblers and 
sparrows . Black-neck ed stilts breed on the salt flats . Corranon raptor s in the 
reg ion include the mar sh hawk , the Amer ican kestrel ,  Swa inson ' s  hawk , and the 
Harr is hawk . 

Mourning dove and scaled qua il are widespread and heav ily hunted : the 
le sser prair ie ch icken and the bobwh i te are also hunted. Bobwh ite are gen
erally re str icted to wooded or brushy r iver valleys . The mourn ing dove is 
corranon in agr icultural land and is outnumbered only by scaled qua il in total 
number s harvested . The game birds of the reg ion are listed in Table H- 58 . 

H- 121 



Table H-56 . Mammals Observed in the Te r r e str ial Ecology Study Area 

Common name 

Bats 
Cave myot is 
Pa l lid bat 
Bra z i l i an free-ta iled bat 

Lagomorphs 
Dese r t  cottonta il 
Black- ta il ed  j ackra bb i t  

Rodents 
Mexican ground squirrel 
Spotted g round sq u i r rel 
Pla i ns pcx:ket gopher 
Ye llow-faced pocket gopher 
S i lky pcx:ket mouse 
Pla ins pocket mou se 
H ispid pcx:ket mouse 
Desert pocket mou se 
Ord ' s  kangaroo rat 
Banner - ta iled k angaroo rat 
Merr iam ' s  kangaroo rat 
We s tern harvest mouse 
Deer mouse 
Wh i te- footed mou se 
Nor thern gra sshopper mouse 
H ispid cotton rat 
Southern Pla ins wood rat 
Wh i te-thr oa ted wood rat 
House mouse 
Porcupine 

Carn ivor es 

Sc ien t i f i c  name 

Myot is vel i fer 
Antrozous pa l l i dus 
Tadar ida bra z i l iens i s  

Sylv i lagus audubon i i  
� californ icus 

Spermoph ilus mex icanu s 
s .  s12i losoma 
Geomys bursar ius 
Pappogeomys castano12s 
Perogna thus flavus 
P .  f l avescens 

� h isJ2idus 
P .  12en i c i llatus 
Dipod�s ord i i  

!h s12ec tabi lis 
D.  mer r iami 
Re ithrodontO!!!j'.S megalotis 
Pero!!!j'.scus man iculatus 
P. leuco�s 
Onychomys leucO<;Jaster 
S igmodon � iSJ2idu s 
Neotoma micro12u s 
N .  albigula 
Mus musculus 
Ereth i z on dor satum 

Abun-
Food typea danceb Habitatc 

IV c A 
IV u A 
IV u A 

p vc Clot ,  M ,  CB , D ,  HM 
p vc OM, M ,  CB , D ,  HM 

P ,  s ,  IV, sv c CB ,  OM 
P ,  s ,  IV, sv vc OM 
R vc Clot 
s ,  P ,  IV vc CB 
s ,  P ,  IV c Clot ,  CB 
s ,  P ,  IV c OM , M 
s ,  P ,  IV u Clot, M 
s ,  P ,  IV c D ,  HM ,  CB 
P ,  s vc OM ,  (M) , D ,  HM 
P ,  s vc M, CB 
P ,  s vc D, HM ,  M 
P ,  IV u OM , CB 
S ,  P ,  IV u OM 
S ,  P ,  IV c OM , M ,  CB , D ,  HM 
s ,  IV, sv vc OM ,  (CB) , (M) , HM ,  
p u OM , M ,  (CB) 
s ,  F ,  p vc OM ,  D ,  HM ,  M ,  (CB) 
s ,  p c CB , M 
s ,  P ,  IV u Clot 
p u OM , M ,  C B ,  HM ,  D 

D 

Coyote Can is latrans v, IV, p vc OM ,  CB , D ,  HM ,  M ,  A 
Sw ift fox 
Gray foxd 

Badger 
Str iped skunk 
Bobcat 

Ung u late s  
Mule deer 
Pronghorn 

Domest ic spec iese 

Dog 
Cat 
Goa t 
Cattle 
Hor se 

Vul12es velox 
Uroc�on c inereoargenteus 
Taxi dea taxus 
MeJ2h i t is me12h itis 
Lynx r ufus 

Odoco i leus hemionus 
Antiloca12ra amer icana 

Can is f ami l i ar is 
Fe lis catus --- ---
Ca12ra � 
Bos taurus ( a nd  
� caballus 

B .  ind i cu s J  

u 
u 

SM u 
c ,  p u 
v u 

p c 
p u 

aFood type : P = plant tis sue ; F = f r u i t ; S = seeds ;  K = roots and tube r s ;  IV 
SV = sma ll ver teb ra te s ;  V = ver teb r a te s ;  SM = sma ll mammals ; C = carr ion. 

CB 
? 
OM , M 
OM 
OM 

OM ,  CB , A 
M 

inve r tebrate s ;  

bAbundance : VC = very co11111on ; C = common ; U = uncommon . 
cHabitat descr iptions are based on vegetat ion . Edaph ic fac tor s  

por tance i n  d is tr i bu t ion .  Key : OM = oak-mesqu i te a ssoc iat ion s ;  CB 
M = mesa (mesquite gra ss land ) ; HM =  hummock mesqu ite assoc iation s ;  
D = active dunes . 

are frequently of equal im
c r eosote bush a s sociat ions ; 

A = aquatic ( stock pond or tank)  ; 

dBased on trac k s  and collec tion of a single gray- fox skull in 197 9 . 
eGoats are penned ; all other domestic spec ies may occur in all six hab i tats . 
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Table H- 57 . Mamma l i an Spec ies Potent i ally Inhab it ing but Not Obse rved 
in the Ter re str ial Ecology Study Areaa 

Common name 

De sert shrew 
Townsend ' s  b ig-eared bat 
We ste rn pip is t r e lle 
Long-eared rnyot is 
Fr inged rnyot isb 
Ca l i for n ia rnyot isb 
Yuma rnyot isb 
Long-legged rnyot isb 
Sma ll-footed myot is 
Silver-ha ired batb 

Big brown batb 

Red batb 
Big free-ta iled batb 
Pocke ted f r ee-ta iled bat 
Pla ins ha rvest mou se 
Sou the rn gra sshopper mouseC 
Kit fox 
White-ta iled dee r 

Sc ient i fic name 

Not iosor ex crawfor d i  
Plecotus townsend i i  
Pipi strellus hesperus 
Myot is evot is 
.!:!.:._ thysanodes 
M. cal i forn icus 
.!:!.:._ yumanensis  
M .  volans 
M. le ib i i  
La sionycte r is noc t ivagans 
Epte s icus fuscus 
La siurus borealis  
Tada r ida mac rotis 
T.  femoros acca 
Re ithrodontomys montanus 
Onychomys tor r idus 
Vulpes macrot is 
Odocoileus v i rgin ianu s 

acommon and sc ient i f i c  names follow Jones et al . ( 1 9 7 5 ) . 
�ever repor ted ea st of the Pecos River . 
Csee discu ss ion in Sec tion H . 5 . 2 . 3  under "Mamma ls of the Study Area . " 

M ig ra tory bi rds that might be hun ted in the reg ion include several spec ies 
of wa te r fowl . The reg ion is not an impor tant breed ing area for wa te r fowl .  

The reg i on i s  i n  the Central Flyway ( a  Fede ral admin istrat ive management 
unit for wa te r fowl ) .  Ma llard s ,  pinta ils , blue-w inged tea l ,  and green-w inged 
teal a re the most common dabbling ducks in the reg ion : the f i r st two spec ie s 
constit ute one-ha lf to two-third s  of the annual harvest of wa te r fowl in the 
Central Flyway ( Buller , 1964 ) . The redhead , the canvasback , and the lesser 
scaup are common diving duc ks in the Flyway . 

B i rds of the study area . One hundred and twenty- two spec ies of b i rds have 
been obser ved in the study area and nea rby areas :  Laguna Grande de la Sa l and 
the inte r s ec t ion of New Mex ico H ighway 31 and the Pecos R iver ( Table H- 59 ) . 
Six of these (mallard , blue-w inged teal , green-w inged teal , bobwh ite , scaled 
qua il ,  and mou rn i ng dove) are class i f i ed as game spec i e s .  Only the scaled 
qua il and the mou rn ing dove , however , are present in huntable number s  ( J .  
Herr ing , New Mexico Game and F ish Depar tment , per sona l commun ication ,  Augu st 
2 ,  197 8 ) . The three duck spec ies we re rare v is itor s obse rved on stock pond s 
near the s i te (Wo lfe et al . ,  1 9 77 a ) . 

In  add it ion to the sca led qua il and the mou rn ing dove , the moc k ingbird , 
the logger head shr ik e ,  the py r r huloxia , the black-throa ted spa r r ow ,  the we st
ern meadowlar k ,  the lar k  bun t i ng ,  the ve sper spa r r ow ,  Ca ss in ' s  sparrow ,  and 
the wh i te-c r owned spa r r ow a r e  the av i an spec ies present in g r eatest dens i t ies 
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Table H-58 . Game Bird s  in the TwO-County Reg iona 

Common name 

Canada g oose 
Wh ite- fronted gcx:>se 
Snow g oose 
Mallard 
Gadwa ll 
Pinta il 
Green-winged teal 
Blue-winged teal 
C i nnamon teal 
Amer ican wigeon 
Northern shovel er 
Redhead 
Ri ng-neck ed duck 
Canva sbac k  
Le sser scaup 
Common goldeneye 
Bu ffl ehead 
Ruddy duck 
Common merganser 
Le sser pra ir ie ch ick en 
Bobwh i te 
S caled qua il 
Ring-neck ed phea sant 
Sandh ill crane 
Virgin ia ra il 
Sora 
Amer ican coot 
Common sn ipe 
Mou rn ing dove 

Scientific  nameb 

Branta canaden s is 
Anser albifrons 
Chen caer ulescens 
Ana s platyrhynchos 
� strepera 
A. acuta 
A .  c recca 
A .  discor s 
A .  cyanopte ra 
A.  amer icana 
� clypea ta 
Aythya amer icana 
A .  co llar is 
A. valis ine r ia 
A .  affin is 
Bucephala clangula 
B .  albeola 
Oxyura j ama icensis 
Mer gus merganser 
'l'ympanuchus pallidic inctus 
Co linus virginianus 
Call ipepla squamata 
Pha s i anus col ch icus 
Gr u s  canadens is 
Ral lus l imicola 
Por z ana carolina 
Fu l ica amer icana 
Capella galli nago 
Z ena i da  mac roura 

aRanges from Bell rose ( 1 9 7 6 ) and Johnsgard ( 19 7 3 , 197 5 ) . 

Statusc 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 

�omenc lature follows the Amer ican Orn itholog ists ' Un ion ( 19 57 , 197 3 ,  197 6 ) .  
CKey : 1 = mig ratory spec ies , hunt ing regulat ions controlled by the Federa l 

Government � 2 = permanent res ident . 

in the study area ( Table H-60 ) . The Har r is hawk , the wh ite-necked raven , 
Swa inson ' s  hawk , the mar sh hawk , and the Amer ican kestrel are never more num
erous than one per 100 hec tare s ,  but are sighted consistently . Many other 
spec ies are p resent in low densities and in only one or a few month s .  Many of 
these are mi grants , such as the blue-winged teal , the yellow-r umped warbler , 
Wil son ' s  warbler , and the c lay-colored spar row . 

Rocky escarpments along Liv ing ston Ridg e ( 4  to 5 miles nor thwest of the 
s i te)  p rovide su itable ne sting hab itat for several raptor spec ies . The mar sh 
hawk , a ground-nest ing .spec ies,  may nest in und isturbed areas near the site . 
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Table H-59 . Birds Observed . in the Terrestr ial Ecology Study 

Area and at Nearby Aquat ic Sitesa 

Common nameb 

Grebes 
*Pied-bil led grebe 

Herons and eg r e ts 
Great blue heron 
*Green he ron 
L i t t le blue heron 
Cattle eg r e t  
Snowy eg r e t  
Black-crowned n ight heron 

D uc k s  
Ma l l a r d  
*Nor thern shove ler 
Green-winged te a l  
Blue- w i nged tea l 

Vul t u re s  
Tu r k ey vu l ture 

Hawks and eagles 
*Sha r p-sh i nned hawk 
Red- ta i led hawk 
Swa inson ' s  hawk 
Fe r r ug i nou s  hawk 
Ha r r i s ' hawk 
Golden eagle 
Ma r s h  hawk 

Falcons 
Pe r e g r i ne fa lcon 
Pr a i r i e f a lcon 
Amer ican k es t r e l  

Grouse 
Lesser p r a i r i e ch icken 

Qua i l  
Bobwh ite 
Scaled qua i l  

C r a ne s 
Sandh i l l  crane 

Ra i l s , coots , ga l l i nules 
*Ame r ican coot 

Plov e r s  
Snowy plover 
K i l l de e r  
*Mounta i n  plover 

Sandpipe r s  
Common sn ipe 
*Long-bil led cur lew 
Spotted sandp iper 
So l i ta r y  sandp iper 
*Greater yellowlegs 
*Lea st sandp iper 
*St i l t  sandpiper f 
*We ste r n  sandpiper 

Sc i en t i f i c  name 

Pod ic iped i dae 
Pod i lyinbus pod iceps 

A r de i dae 
Ardea h e r od i a s  
Butorides virescens 
Flor ida cae r u lea 
Bubulcus i b i s  
Egre tta thula 
Nyc t i corax nyc t i corax 

Anati dae 
Anas pla tyrhynchos 
� clypeata 
A. crecca 
A. dTSCOrs 

Catha r t i dae 
Cathartes aura 

Acc i p i tr i dae 
Acc ipite r str i a t u s  
Buteo jama icen s i s  
B .  swa inson i 
� rega l i s  
Parabuteo un ic inc tus 
Aqu i la chrysaetos 
C i rc u s  cyane u s  

Falcon i dae � �e r eg r inus 
F.  me x 1 canu s 
[:_ spar ver i u s  

Tetraon i dae 
'I'ympanuchus pa l l i d i c i nc t u s  

P ha s i an i dae 
Co l i nu s  v i r g i n i anus 
Ca ll i pepla squamata 

G r u i dae 
G r u s  canaden s i s  

Ra l l i dae 
F u l i ca ame r icana 

Ch a r a dr i i dae 
Ch a r ad r i u s  al exand r i n u s  
C . voc i f e r u s  
Eupoda montana 

Sco lopac i dae 
Cape l l a  gall i na�o 
Numen i u s  ame r icanus 
Ac t i t i s  mac u la r i a 
Tr inga so l i ta r i a  
T .  melanoleuc u s  
cali dr i s  m i nu t i l l a  
M i c r opalama h imantopus 
Ca l i d r  is maur i 
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Abun-
Food typeC danced 

C2 , C3 I 

C3 , C2 UC 
C3 ,  C2 UC 
C3 ,  C2 UC 
C3 , C 2 UC 
C3 ,  C 2 UC 
C3 , C2 UC 

C1 ,  C2 ,  C 3 UC 
C1 ,  C 2 ,  C 3 UC 
C1 , C 2 ,  C 3 UC 
C1 ,  C2 ,  C3 UC 

C3 , C 2 c 

C2 ,  C 3 UC 
C2 ,  C 3 c 
C2 ,  C 3 UC 
C2 ,  C3 UC 
C 2 ,  C3 UC 
C2 ,  C 3 UC 
C 2 ,  C 3 c 

C 3 , C2 I 
C3 , C 2 UC 
C2 ,  C 3 c 

C 1 UC 

C1 UC 
C l vc: 

C l ,  C 2 UC 

I 

C2 ,  C 3 c 
C2 ,  C 3 c 
C2 ,  C 3 UC 

C 2 ,  C 3 UC 
C 2 ,  C 3  UC 
C2 ,  C 3 UC 
C 2 ,  C3 UC 
C 2 ,  C 3 UC 
C2 ,  C 3 UC 
C2 ,  C 3 I 
C2 ,  C 3 UC 

Seasone 

M 

s 
s 
s 
s 
s 
s 

M 
M 
M 
M 

s 

M 
y 
s 
w 
y 
y 
w 

M 
w 
M 

y 

y 
y 

M 

M 

s 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 



Table H-59 . Bird s Observed in the Terrestr ial F.coloqy Study Area and at 

Nearby Aquatic S itesa ( continued) 

Avocets , stilts 
Amer ican avocet 
Black-nec ked st i l t  

Phalaropes 
Wi l son ' s  phalarope 
*Nor thern phalarope 

Gulls and terns 
Least tern 

Pigeons and doves 
Mourning dove 

Cuckoos 
Yellow-billed cuckoo 
Roadrunner 

Barn 01tl 
Barn owl 

Owls 
Grea t-horned owl 
Burr ow ing owl 
*Shor t-eared owl 

Nightjars 
Poor-will 
ColllDOn nigh thawk 

Ring f ishers 
Belted kingfisher 

Woodpeck ers 
Col!lllOn fl icker 
Ladder-backed woodpecker 

Flycatchers 
We stern k ingb ird 
*Case i n ' s  k ingb ird 
Sc issor-ta iled flycatcher 
Ash-throated flycatcher 
Say ' s  phoebe 
*Traill flycatcher 
*Least flycatcher 

We stern wood pewee 
*Olive-s i ded flycatcher 

Larks 
Horned lar k  

Swa llows , martins 
*Violet-green swallow 
Barn swallow 
C l i f f  swa llow 

Crows , ravens , and j ays 
Wh ite-necked raven 

Chickadees , t i tm ice 
*Mountain ch ickadee 

SC ient i f  ic name 

Recurvi rostr i dae 
Recurvirostra amer icana 
Himantopus mexicanus 

Phalaropodi dae 
Steganopus tr icolor 
Lobipes lobatus 

Lar idae 
Sterna albif rons 

Columbi dae 
Zenaida macroura 

Cuculi dae 
Coccyz us amer icanus 
Geococcyx californianus 

'!Y too i dae 
� alba 

S tr ig iformes 
Bubo virginianus 
Athene cun icularia 
Asio fla11111eu s 

Capr imulgi dae 
Pha laenoptilus nuttalli i 
Chorde iles minor 

Alced i n i dae 
Megaceryle alcyon 

Pici dae 
Co laptes auratus 
Pico ides scalar is 

'!Yrann i dae 
'!'yrannu s ve r t ical i s  
T. vociferans 
MUscivora for ficata 
Myiarchus cinera scens 
Sayor nis saya 
aitpidonax tr a il l i i  
E. minimus E. sp. g 
COntopus sord idulus 
Nutta llor n is borealis 

Alaudi dae 
Eremoph ila alpestr is 

H i r undini dae 
Tachyc ineta thalass ina 
Hirundo rust ica 
Petroche lidon pyrrhonota 

Corvi dae 
Corvus crypto leucus 

Par i dae 
Parus gambe l i  
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Food typeC 

C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 
C2 , C3 

Abun
danced 

c 
c 

c 
oc 

I 

oc 
c 

oc 

c 
c 
I 

oc 

c 
c 

c 
I 
c 
c 
c 
oc 
UC 
oc 
c 
UC 

oc 

oc 
oc 
UC 

I 

s 
s 

M 
M 

M 

y 

M 
y 

y 

y 
y 
M 

s 
s 

M 

M 

s 
M 
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Table H-59 . Birds Observed in t�e Terrestr ial F.coloqy Study Area and at 

Nearby Aquatic Sitesa ( continued) 

COlllDOn nameb 

Wr ens 
Bouse wren 
Bewick ' s wren 
carolina wrenf 
Cactus wren 

Rock wren 

Mock ingbirds , thrashers 
Moc k ingb ird 
Brown thrasher 
*Bend ire ' s  thra sher f 
Curve-b illed thra sher 
Cr issal thrasher 
Sage thra sher 

Thr ushes , bluebirds 
*Mounta in bluebird 

Shr ikes 
Loggerhead shr ike 

Star lings 
Star ling 

Warblers 
*Orange-crowned wa r bler 
Yellow-rumped wa r bler 
*MacG i l l i uray ' s  warbler 
Yellow-breasted chat 
Wilson ' s  warbler 

Weaver f i nches 
House sparrow 

Blackbi rds , or ioles 
Ea stern meadowlark 
Western meadow lar k  
Yellow-headed blackbird 

Red-winged blackbird 
*Scott ' s  or iole 
Nor thern or iole 
Brewer ' s  blackb ird 
Brown-headed cowbird 

Tanagers 
*Western tanager 

Grosbea k s ,  f i nches , 
sparrows, buntings 

Pyrrhuloxia 
Blue grosbeak 
*Lazuli bunting 
House finch 
P i ne s i s k in 
Amer ican goldfinch 
*Lesser goldfinch 
Green-ta iled towhee 
Rufous-sided towhee 
*Brown towhee 

Sc ient i f ic name 

Troglody t i dae 
Troglodytes aedon 
Thryananes bewick i i  
T .  ludovicianus 
camytlorhynchus 

brunneicapillus 
Salpinctes obsoletus 

M imi dae 
� polyg lottos 
Toxostoma rufum .!:_. bend ire_i __ 
.!:_. curv irostre 
.!:_. dor sale 
Oreoscoptes montanu s 

Tu rd i dae 
Sialia currocoides 

Lan i i dae 
Lan ius ludov icianus 

Sturni dae 
Sturnus vu lgaris 

Paruli dae 
Ve rmivora celata 
Dendroica coronata 
Opororn is tolm i e i  
Icter i a  virens 
WilsoniaPuSifla 

Ploce i dae 
Passer domesticus 

Icter i dae 
Sturnella magna 
� neglecta 
Xanthocephalus 

xanthocephalus 
Age laius phoen iceus 
Icte rus par isorum 
.!.:. galbula 
Euphagus cyanocephalus 
Molothrus ater 

Th raupidae 
Piranga ludovic iana 

Fr ing i l l i dae 
Card ina lis sin� ata 
Gu iraca caerulea 
Passer ina amoena 
Cerpodacu s--mexieanus 
cardue lis pinus 
c. tr istis 
c. psa ltr ia 
Pipilo chlorurus 
� erythroph thalmus 
� �  
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Food typeC 

C2 1 C3 
C2 , C3 
C 2 ,  C 3  
C2 , C 3  
C 2 ,  C 3  
C 2 ,  C3 

C2 , C 3  
C 2 ,  C 3  
C 2 ,  C 3  
C2 , C 3  
C2 , C3 

C2 , C3 
C2, C 3  
C2 , C 3  
C2 , C3 
C2, C3 
C2 , C 3  

C 1 ,  C2 
C 1 , C2 
C1 , C2 
C1 , C 2  
C 1 , C 2  
C 2 ,  C2 
C1 , C2 
C1 , C 2  
C1 ,  C 2  
C 1 , C2 

Abun-
danc ed Seasone 

OC M 
OC M 
I M 

vc: s 

c s 
I M 
I M 
c y 
c y 
c w 

OC M 

vc: y 

UC y 

UC 
UC 
UC 
UC 
UC 

c 

c 
vc: 

c 
c 
c 
c 
c 
c 

I 

vc: 
c 
I 
c 
UC 
UC 
I 
UC 
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I 

M 
M 
M 
M 
M 

y 
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Table H-59 . Birds Observed in the Terrestr ial Ecology Study Area and 
at Nearby Aquat ic Sitesa ( continued) 

Abun-
Co11111on nameb Scien t i f i c  name Food typeC danced Seasone 

Grosbea k s ,  finche s ,  
spar rows , buntings ( con t inued) Fr ing i l l i dae ( con t inued) 

La r k  bunt i ng Ca lamospiza melanocorys C1 , C2 � M 
Savannah sparrow Passerculus sandw ichensis C1 ,  C 2 I M 
Vesper sparrow Pooecetes grami neus C1 ,  C 2 c w 
Ba ird ' s  sparrowf J\mmodramus ba ird i i  C1 , C2 I M 
La r k  sparrow Chondestes granmacus C1 ,  C2 c M 
Cass in ' s  sparrow Aimoph ila cass i n i i  C 1 ,  C2 � s 
Black-throated spa r r ow Amph ispiza bil ineata C 1 ,  C 2 � y 
Sage sparrow A .  be lli C1 ,  C 2 c w 
Dar k-eyed j unco Junco hyemal i s  C 1 ,  C2 c w 
*Ch ipping spar r ow Spiz e lla passe r ina C1 ,  C 2 UC M 
C lay-colored sparrow � �llida C1 ,  C2 I M 
Brewer ' s  sparrow s .  brewe r i C 1 ,  C2 c M , W 
Wh i te-crowned sparrow Zonot r i ch ia leucophrys C 1 ,  C2 � w 
*Song spar row Melospi z a  melod ia C1 ,  C2 UC M 

a inc ludes stock ta n k s  in area , nea r by salt lakes , and Pecos Rive r .  
bAn aste r is k  ind icates spec ies added to the l i s t  dur ing October 1978 through September 1979 . 
CTroph ic levels (C 1 = pr imary consumer : C2 = secondary consume r : C3 = t e r t i a r y  con-

sume r )  l i sted in order o f  relat ive impor tanc e .  
dAbundance : � = v e r y  co!IDUon ; C z corranon : UC = uncommon : I = inc iden ta l  ( seen only once or 

twice ) . 
esea son : S = sU111Der only : W = winter on ly : M = mig rant : Y = yea r - r ound res iden t .  
fRecord que s t ionable , reported withou t deta ils . 
g Empidonax d iff i c ilis removed from chec k list because substa n t i a t ing evidence is lack ing and 

b ec ause fi e ld ident i f ica t i on  is e x t remely d i f f icul t .  All observations we re r ecorded as Empidonax 
sp . unt i l  a specimen was co llec ted .  

Reptiles and amph ibians 

Amphibians are not an impor tant par t  of the fauna at the WIPP site because 
suitable habitat is l imited . However ,  several amph ibian species are adapted 
to ar id-land habitats . Others occur along the Pecos River and in irr igated 
cropland. Charac ter istic reptiles in the region include the western box tur
tle ,  the side-blotched li zard , the western wh ipta il ,  the bullsnake , and the 
western ra ttlesnake .  

Twenty-nine spec ies' ( 6  amph ibians and 2 3  reptiles)  are observed in the 
s i te vic in ity ( Table H-61 ) . Suitable habitat for amph ibians and aquatic rep
t iles is limited to stock tank s .  Sand dunes , rocky outcrops , and the var ious 
shr ub a ssociations provide a var iety of habitats . Spec ies potentially in
habit i ng the site vic inity are listed in Table H-62 . 

The amph ibian species ( e . g . , t iger salamander ,  g reen toad , and pla in ' s  
spadefoot) are adapted for survival in relatively ar id situations . All re
qui re water for breeding and for the aquatic stages of development , but adults 
can survive per iod s of drought . 

One aquatic and one terrestr ial spec ies of turtle are observed . The yellow 
mud turtle is commonly found in stock tanks and ponds . The western box turtle 
inhabits much of the study area but avoids habitats dominated by creosote bush . 
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Table H-60 . Est imated Densit ies of Bird Spec ies at , or in the Vic inity of , the WIPP Site 

Den s i ty (number per 100 hectares) 
19/5 t9n 1977 

Spec ies s 0 N D J F M J J A M A M J J A 
-

Ducks 
Mallard <l 
Green-winged teal < l 
Blue-winged teal <l 

Hawks and allies 
Turkey vulture <l <l < l  < l  < l  <l < l 
Red-ta iled hawk <l < l  < l  
Swa inson ' s  hawk < l  < l  < l  <l < l  < l  < l  < l < l < l 
Fer r ug i nous hawk <l < l  < l  
Har r is '  hawk < l  < l  < l  < l < l  < l  <l < l < l 
Marsh hawk < l < l  < l  < l  < l  <l < l  < l  < l < l  
Amer ican kest r e l  < l  <l < l  < l  < l  <l <l < l  <l 

Quail s 

Bobwh ite <l < l 
Scaled qua il 4 3 7 4 ) 3 6 ) 1 7 3 2 2 2 3 7 

:Il 
Cr ane s I 

..... Sandh ill crane <l N 
ID 

Doves 
Mourn ing dove 19 7 5 4 1 < l  1 2 < l < l  < l  < l 2 2 

Cuckoos 

Yellow-billed cuckoo < l  
Roadrunner <l <l <l <l <l <l < l <l < l  <l <l <l 

owls 
Great horned owl < l < l  
Bur rowing owl <l <l < l 

Nighthawks 
Conanon nighthawk 4 2 2 1 2 <l 

Woodpeckers 

Ladder-backed woodpecker <l <l < l  < l <l <l 
Red-sha f ted f l icker <l 

Perching b i r d s  

We ste r n  k ingb ird <l 1 < l <l <l 1 
Sc i ssor-ta i l ed  flycatcher <l < l  < l 
Ash-throated flycatcher <l < l  < l  < l  
Say ' s phoebe < l  < l < l  < l  
Western emp idonax fly-

catcher < l 1 

< l  We ste rn wo od  pewee <l 
C l i ff swa llow <l 



Table H-60 . Est imated Densities of Bird Spec ies at , or in the Vic in ity of , the WIPP Site ( cont inued) 

DensitX ( number Eer 100 h ec tares) 
1915 1976 1977 

Species s 0 N D .J F M .J .J A M A M .J .J A 

Blue jay <l 
Wh ite-necked raven 1 < l  <l < l  <l 1 <l <l <l <l <l <l <l 
House wren <l <l 
Carolina wren <l 1 
Cactus wren 1 1 1 1 2 2 <l <l <l <l 
Rock wren <l 
Mockingbird 1 <l 4 1 < l  <l <l 4 2 < l  <l 
Brown th rasher < l  <l <l 
Curve- billed thrasher <l <l 
Cr i ssal thrasher <l <l <l < l  < l  <l <l <l 
Sage thrasher <l 
Loggerhead shr ike 4 3 3 2 4 3 4 3 3 4 5 4 4 5 6 3 
Yellow-rumped warbler < l  <l 

:i:: Wilson ' s  wa r bler 2 
I Western meadowlar ka <1 2 13 6 12 12 6 <l <l 5 <l .... w Bullock ' s  or iole < l  < l  <l 

0 Brewe r ' s  blackbird <l 
Brown-headed cowbi rd <l 2 <l < l  < l  
Pyrrhuloxia 1 4 7 10 4 4 6 10 9 5 4 8 4 10 10 6 
House- f i nch 1 
Lark bunting 10 9 7 21 9 12 25 1 1 10 <l <l 
Pine s iskin 1 3 1  2 19 
Amer ican gold f i nch 3 2 
G r een-ta iled towhee 1 2 
Rufous-sided towhee 1 1 
Ba i rd ' s  spa r row <l 
Vesper sparrow 1 8 9 6 3 1 10 
Lark sparrow 1 <l <l <l 
Cass in ' s  sparrow 11 <l 
Black-thr oa ted spa r r ow  1 1 1 4 1 3 2 3 1 4 2 3 2 <l <l 
Sage spar row <l · '  
Ch ipp ing sparrow <l 
Dark-eyed (Oregon) j unco 1 1 
Clay-colored sparrow <l <l 
Brewer ' s  spar row <l 
Wh ite-crowned sparrow 9 9 19 16 12 9 <l 

aMay include eastern meadowla r k s ;  spec ies are d i f f icult to distinguish. 



Table H-61 . Amphibians and Repti les Observed in the Terrestrial 
Ecology Study Area 

� name 
�ibians 

Tiger salaiaander 
Couch ' s  spadefoot 
Pla in ' s  apedefoot 
Texas toad 
Great Plains toad 
Green toad 

Reptiles 
Yellow aud turtle 
Western box turtle 
Collared lizard 
LeOpard liz ard 
Leaaer earless lizard 
Greater earless lizard 
Side-blotched lizard 
Texas horned lizard 
Round-ta i led horned lizard 

Scientific name 

A!nbystoma tigr inum 
Scaphiophus couchi 
s. bombifrons 
Bufo speciosus 
h �natus 
h debilis 

Kinosternon flavescens 
Ter rapene � 
Crotaphytus collar is 
C .  wiSlizen i i  
ROlbrookia maculata 
H. texana 
Uta stansburiana 
Phrynoaoma cornutum 
P. modestum 

Food 
Abun-

type• danceb· BabitatC 

c A, M 
UC "· CB 

I c A ,  OM 
I tJC A 

UC A, OM 
c A 

P ,  I ,  SV 1IC A, M ,  OM 
P ,  F ,  I vc OM, M ,  D ,  HM 
I oc M 
I '  sv UC D, RM, OM 
I UC OM 

UC CB 
\IC OM ,  (CB ) , (M) • D ,  
c OM, M 
UC M 

Western whipta il Criemidophoru s  tigr is vc OM ,  CB , D, HM, M 
Texas spotted wh iptail 
S ix- lined racer unner 
Great Plains skink 
Texas blind snake 
Western hognose snake 
Coachwhip 
Glossy snake 
Bullsnake 
Long-nosed snake 
Night snake 
Maasasauga 
Western d iamondback 

rattlesnake 
We stern rattlesnake 

.£,_ gular is 
C .  sex l i neatus 
i:imeces obsoletus 
Leptotyphlops dulcis 
Heterodon nasicus 
Mast icophis flagellum 
Ar izona elegans 
P ituophis melanoleucus 
Rhinocheilus leconte i 
Hxps iglena torqua ta 
Sistr urus catenatus 

Crotalus atrox 
£_,_ vir id iS--

\IC CB 
I UC OM 
I UC OM ,  
sv UC OM 
I ,  SV c OM 
I '  sv c OM, 
sv c OM 
sv c OM ,  
sv UC OM ,  
sv UC OM 
sv UC OM 

sv UC Cf! ,  
sv vc OM ,  

llftey : P • plant tissue 1 F m fruit : I • invertebra te s :  SV = small vertebrates. 
bAbundance : VC • very coarnon 1 C = COlllTIOn ;  UC = unc01T1T1on . 

CB 

CB 

CB 
CB 

CB , M 
CB , HM, D 

CJ!abita t :  OM •  oak-mesquite assoc iat ions 1 CB • creosote bush assoc iationsr M - mesa 
(ae sq u i te g ra ss land) 1 D • dunes ; RM •  hummock me squ i te a s soci at ions ; A =  aquatic ( s.tock pond or 
tank) . 

HM 

Lizards ( 11 species) are the most abundant and conspicuous repti le s ,  with 
the side-blotched lizard and the we stern wh iptail  common in most habitats . 
The Texas horned lizard is common in oak-mesqui te associations and on the 
mesa . All spec ies are diurnal and pr imar ily insectivorous . 

Several spec ies of snakes are common in the area , i nclud ing the western 
hognose snake,  the coachwh ip , and the we ste rn rattlesnake.  Less common are 
the n ight snake ,  the long-nosed snake ,  and the massasauga . All species are 
carn ivorou s .  

Terre str ial inver tebra te s 

Impor tant crop pests are the alfalfa caterpillar , cutworms , and aphids , 
whi ch damage alfalfa � and the cotton boll worm and stinkbugs , wh ich a ttack 
cotton. Grasshopper s are the pr inc ipal range pest ,  destroy ing both domestic 
and wildlife f orage.  The fleas that transmit plague ar� the only impor tant 
disease vector s .  
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Table H-6 2 . Amph ib ians and Reptiles Potentially Inhab it ing but Not 
Observed at , or in the Vic in i ty of , the WIPP S i te 

Conunon name 

Amph ibians 
We ste rn spadefoot 
Woodhou se ' s toad 
Red-spotted toad 
Bar k ing f rog 
Cr icket frog 
Leopard f rog 
Bullf rog 

Reptiles 
Snapp ing turt les 
Pond s lider 
Spiny soft-shelled tur t le 
Eastern f ence liz ard 
Sagebrush l i z arda 
Check ered wh ipta i l  
Litt le str iped wh ipta il 
Pla in-be llied water snake 
We stern hognose snake 
Corn snake 
Conunon king snake 
Checkered gar ter snake 
Conunon gar te r  sna ke 
Ground snake 
We stern hooked-nosed sna ke 
Great Pla ins black-headed snake 

Scien t i f ic name 

Scaphiopus harmnond i 
Bufo woodhouse i 
�· puncta tus 
Eleutherodac tylus aug isti  
Acr is gryllus 
Rana pipi ens 
R .  cate sbe iana 

Chelydra serpen tina 
Pseudemys scr ipta 
Tr ionyx spiniferus 
Sceloporus undulatus 
E..!_ gracioisu s 
Cnemidophorus te sselatus 
C. inorna tus 
Na tr ix erythroga ster 
Hete rodon na s icus 
Elaphe gu tta ta 
Lampropeltis getulus 
Thamnoph is mar c i anus 
T .  sirtalis 
Sonora episcopa 
Fic imia cana 
Tanti lla n igr iceps 

Sand cr ickets , ground bee t le s ,  dar kl i ng bee tles , ant s ,  and te rmite s are 
the most abundant g round-dwe l ling insects found . Most of the arthropods col
lec ted are scavenger s ,  plant feeder s ,  and granivor e s .  Predatory forms inc lude 
scorpions , wh ipta i l s ,  spider s ,  p raying mant id s ,  and ants . Termi tes , ants , and 
grasshoppers are conunon in all plant conunun ities . Termi te s are by far the 
most s ign if icant de tr itivores in the study area . They form large subte r ranean 
colon ies in the stabili z ed dune s ,  on the me sa , and on the creoso te bu sh 
flats . The ir bioma ss is at least as large as that of the ca ttle g raz ing the 
sur face . 

Domestic l ivestock and range management 

Dome stic l ive stock . Ranching is the ma in agr icultural enterpr ise in the 
reg ion ,  and beef cattle are the pr inc ipal livestock . Most of the cattle are 
kept on the range throughout the year and are g iven supplemen tary feed in 
winter . In suI!lller , sudang ra ss ,  bermuda grass , and stubble are used for tem
porary g razing wh i le nat ive g ra sses rest dur ing par t  of the g rowing sea son and 
produce seed for regrowth ( SC S , 197 1 ,  1974 ) . 
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In 1969 , there were about 123 , 000 beef cattle in Eddy and Lea Counties 
(BIM, 1973 ) . Other livestock ra ised in the reg ion are hogs (approximately 
12 , 400 in 1969 ) , sheep ( approximately 42 , 300 in 196� ) , and a few thousand 
dairy cows (BIM, 1973 ) . Hor ses are less cormnon and are used ma inly for ranch
ing and recreation .  Domestic-poultry farmi ng is quite limited . 

Range management .  The WIPP s i te lies enti rely with in the Deep Sand and 
Sand Hills range sites ( Table H-63 ) .  The site vicin ity also includes Sandy , 
Rocky Land , Loamy , Salty Bottomland , and Bottomland range s i tes ( SCS , 1971 ) . 

There are three BIM gra z ing allotments in the study area : 7032 , 7027 , and 
7 0 33 (BIM, 1978 ) . The s i te itself is all on allotment 7032 , wh ich BIM classi
fies as in fair cond it ion for livestock gra z ing .  The recent licensed use of 
th is allotment (BIM, State ,  and pr ivate land) has been , on the average , a 
little over six head per section .  The carrying capac ity of the allotments in 
the s i te region ( an an imal un it is defined as the amount of feed requi red to 
susta in one adult for a year)  var ies greatly from one sect ion to the next and 
f rom one year to the next ,  depending on ra infall . In add ition,  allotment 7032 
has an allotment-management plan that BIM revised in 197 3 .  Accord ing to the 
plan , the actual qualif ications for allotment 7032  are for 13 , 239 an imal-unit 
months (a little over nine head per section) . The plan spec i fies gra z ing 
deferments of var ious pastures for d ifferent leng ths of t ime . Pre liminary 
rev ised BIM data for allotment 7032  ind icate a suggested stock ing rate vary ing 
from 7 to 21 acres per an imal-un it month , based on a 40% to 60%  range uti liza
tion .  Th is stock ing rate is roughly equivalent to 7 . 6  to 2 . 5  head per section,  
a ssuming year long g raz ing . 

Mesquite-control programs have been implemented in allotments 7033  and 
7027 , and , according to BIM ( 1977 ) , have been fa ir ly successful . Af ter the 
spraying of mesquite , native gra sses have increased , thus s�ppor ting the his
tor ical r ecord that much of the area was once productive g rassland . 

Plants potentially poisonous to livestock occur throughout the area, but 
cause little trouble except in extreme weather cond itions (BIM, 1977 ) . Shin
nery oa k ,  wh ich is poisonous to cattle dur ing about 6 weeks in the spr ing , and 
snakeweed are cormnon . 

H . 5 . 3 Aquatic Ecology 

H . 5 . 3 . 1  Two-county region 

Aquatic habitats 

The two-county reg ion is in the basin of the Pecos River , wh ich or ig inates  
in the Sang re de Cr isto Mounta ins in northern New Mexico . The Pecos River 
flows to the south through New Mex ico and into the Red Bluff Reservoir , con
tinues in a southeaster ly d i rection across western Texas , eventually joining 
the Rio Grande.  I t  has an overall length of about 500 miles and dra ins about 
25 , 000 square miles in New Mex ico and 17 , 0 00 square miles in Texas .  The hydro
logic charac ter istics of the reg ion are d iscussed in Sect ion 7 . 4 .  
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Table H-63 .  Range Cond it ion of the Land at the WIPP Sitea 

Range 
So il mapp ing un it site 

Ser i no  complex ,  Deep sand 
0-3% s lopes ,  eroded 

Kermit-Ser ino 
sand , 0-3% s lopes 
Kermit fine sand Sand h ill 

Ber ino fine sand Deep s and 

Annual Potential vegetation 
produc tion 

( lb) b 

400-2400 

800-3000 

400-2400 

Key decreases 

L·i ttle blue s tem 
Sand bluestem 
Black g rama 
Bush muhly 
Side-oats g rama 
Pla ins br istle g ra ss 

Bush muhly 
Little blue stem 
Black g rama 
Sand blue stem 
Pla ins br istle g ra ss 
I nd i an r ice g rass 
Sw i tchg ra ss 

See Ser ino complex 
above 

Key inc reases 

Blue g rama 
Ha iry grama 
Sand dropseed 
Three-awn 
Mesqu ite 
Shinnery oak 

Blue grama 
Red loveg rass 
Halls pan icum 
Sand dropseed 
Tall dropseed 
Sand muhly 
Mesquite 
Litt le soaptree 

Yucca 
Shinnery oak 
Sand sagebrush 
Catclaw mimosa 

See Ser ino 
complex above 

asased on da ta  from the Soil Conservation Service ( SC S ,  197 1 ) . 

Key invader s 

Broom snakewood 
Annuals 

Broom snakewood 
Ring muhly 
Annuals 

See Ser ino 
complex above 

hr.ow numbers ind icate average annual  produc tion of air-dry grazable forage on s i te s  in poor cond it ion ; high 
numbers i ndicate productiai on s i te s  in excellent cond ition .  



The area is semiar id . Away from the r iver aquatic hab itats are limited to 
intermittent streams and livestock-water ing pond s .  Poor water quality is 
character ist ic of much of the Pecos River basin in the lower sec tions .  Both 
sur face water and groundwa ter conta in salt from natural sources ( salt spr ings , 
br ine seeps , or gypsum over burden)  and from human activit ies ( e . g . , irr igat ion 
return flow, potash min ing ) . An important natural source of salt is the con
centr ated br ine spr ing s at Malaga Bend , wh ich inc rease the salt content of the 
Pecos River by an est imated 340 tons per day . These sour ces progress ively 
concentrate salts downstream. 

Seasonally wet , shallow lakes ( playas) and permanent salty lakes occur in 
the area . An example of the latter is the Laguna Grande de la Sal about 11 
miles we st-southwe st of the WIPP site . 

Aqua tic biota 

Becau se of h igh salinity due to natura l br ines and irr igation return 
flows , the lower Pecos River basin s uppor ts a depauperate flora and fauna . 
Accord ing to J . E .  Sublette (personal communication , 197 8 ) , the aquat ic fauna 
of the Pecos River and the Red Bluff Reservoir are probably the least k nown in 
New Mexico in both spec ies and population density . Th ir teen sampling stations 
have been e stabl ished to study the faunal composition of aquatic hab i tats in 
the study area and near by (Figure H-24 ) . 

T 20 S  
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T 22 S 
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R 27 E 
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T llUIS 
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1 Playa lake -i 
2 Windmill  tank I 3 H ill  tank 
4 Laguna Grande de la Sal 
5 "Pupfish spring" I 
6 6-Mile dam I 7 1 0-Mile dam · 

8 Harroun Canal � 
9 Harroun Crossing I 

10 Malaga Bend I 
1 1  Pipeline crossing I 
12 Upper Red Bluff R eservoir i 
13 Lower Red Bluff Reservoir "'I 

New Mexico 
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Figu re H-24. M ap of aquatic collecting stations. 
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Fish 

Fish have been stud ied in more deta il than other aquatic organ isms in the 
region .  

At pre sent , there i s  no ac tive commerc ial fi shery i n  the s i t� reg ion 
( R .  R .  Patter son , New Mexico Game and F ish Depar tment , per sona l commun ication , 

January 20 , 197 8 ) , although severa l suitable spec ies ( carp,  carpsucker , sma ll
mouth buffalo) occur throughout the Pecos River bas i n .  

A l imi ted rec reat ional fi shery--based on such warm-wate r spec ies a s  channel 
cat f ish , wh i te ba ss , blueg i ll ,  g reen sun f is h ,  and lar ge-mouth bass-- is located 
i n  the lowe r Pecos River basi n .  Becau se of the poor wa te r quality of the lowe r 
Pecos ma instem , most of the r ec r eational f ish ing act ivity is conc entra ted in 
impoundmen ts on the upper reaches of the Pecos and its tr ibutar ies (R.  R .  Pat
ter son, per sonal commun icat ion ,  January 20 , 1978 ) , although the Red Bluff 
Reservo ir off ers a modest spor t f ishery . 

Both warm- and cold-wa ter sport f ish are s tock ed in Chave s ,  Eddy , and Lea 
Count ies . In the 1973-1974 f iscal year , a total of 1 , 2 4 2 , 0 8 6  f ish ( trou t ,  
channel cat f ish , and wa lleye) we re stock ed (USDA , 1 9 7 5 ) . 

Mac ro inver tebra tes 

Stud ies of the macro inver tebra te commun it ies i n  the s i te reg ion began in 
the spr ing of 1978 . Ch i ronomi dae ( nonbit ing midges)  we re very abundant in 
many of the habitats investigated . At Har roun Cross ing , the cadd is fly family ,  
Hydropsych i dae , wa s  al so very abundan t .  

The invertebra te fauna o f  windmill-pumped wa ter and playa lakes of eastern 
New Mex ico and we stern Texa s has been stud i ed by S ublette a nd Suble tte ( 197 8 ) . 
Most of the spec ies -that successfully invade the windmill-pumped wa te rs are 
strong f liers and are able to travel con s ide rable d i stances . The playa lakes 
conta in many temporary pond forms , inc lud ing the fa i ry , tadpole , and clam 
shr imps . 

Mic roorgan isms and plankters  

Inve st igat ions of  the microbial b iochemi s try of  the s i te reg ion include 
studies of sur f ace wa ter s ,  subter ranean aqu ifer s ,  and sur face so i l s  (Caldwell , 
197 8 ) . 

Di atoms are the pr inc ipal planktonic producers in the fresh sur face wate rs 
of the s i te reg ion . The flora of Laguna Grande de la Sal cons i s ts of Halobac
ter ium spp . and Duna liella spp . A layer of cyanobac te r ia and photosynthet ic 
sulfur bac ter ia is found below the salt crust sur round ing the salt lake (Ca ld
we ll , 197 8 ) . Per iphy ton ( epiphy ton , epipelon , and f ilamen tous algae ) probably 
account for most of the production in the Pecos River . No blue-green algae 
were domi nant in the Pecos River at cer ta in s i tes and seasons ( Sub lette and 
Suble tte, 1979 ) . 

Vascular plants 

Other pr imary producers inc lude the va scular aquatic plants . A ra ther 
exten s ive survey of vascular plants ha s been completed in Chaves , Eddy , and 
Lea Counties ( Ma r t i n ,  c ited by Sublette and Sublette , 197 8 ) . 
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H . 5 . 3 . 2  Aqua t ic biota of the study
.
area 

Sur face wa ter s  in the study area are l imi ted to ear then l ivestock-water ing 
pond s and metal stock tanks.  Ephemeral sur face wa te r s  ( i . e . , puddles) may 
form af ter a thunder storm . Th is ra infall is generally of br ief du rat ion , bu t 
is  occasionally intense . The tempor ary sur face wate r s  on the s ite provide 
min imal aquatic hab ita t .  

The windmi l l  tank ( stat ion 2 ,  Figure H-2 4 )  and the h i l l  tank ( stat ion 3 )  
are be ing mon i tor ed for physical and for biotic cha rac ter istic s .  No macro
inver tebrate s were found in the February 197 8 sampling of the windmill tank , 
but s ub stantial number s of seed shr imp (Ostracoda ) , nonbiting midges ( Ch i ro
nomi dae ) ,  bit i ng mi dges (Cera topogon idae ) ,  fingerna il clams ( Sphaer iidae ) , 
aquatic worms (O ligochaeta ) , and copepod s  ( Copepoda ) ,  were collec ted in the 
hill  tank . 

No fish spec ies are k nown to occur with in the study area . 

H . 5 . 4  Endanger ed and Threa tened Spec ies 

H . 5 . 4 . 1  Ter r e str ial spec ies 

Plants 

The cac tus Coryphantha sneed ii  var . lee i ,  wh ich is on the Federal list of 
endangered plants (FWS ,  1 9 7 6 )  in Eddy County , l ike most of the proposed spe
c ies , is located in the Guadalupe Mounta ins . Proposed spec ies inc lude a mi lk
wor t ( Po lyga la r imulico la ) , w i ld columbine (Aqu i legia chapiine i ) , and bladder
pod (Lesquerella va l i da ) . Another is a wild buckwheat ( Er iogonum gypsophi lum) 
that occu r s  on gypsum outcrops abou t 20 miles nor th of Car l sbad ( Spe llenberg , 
1 977 ) . No spec ies have been proposed for the Federal list of endangered 
plants for Lea County . 

New Mexico doe s not have an off icial State l i s t  of rare , threatened , or 
endangered plant spec ies . However ,  the New Mex ico Plant Protection Act of 
1953  protec ts all or  some spec ies in 23  plant fami l i e s  and inc ludes some of 
the species proposed for the Fede ral l i st of endange r ed spec ie s  in the Sta te . 

No plants proposed for the Federal list  of endangered or threatened spe
c ie s  have been obser ved with in the study area,  and the lack of sui table 
habita t makes the ir occurrence at the s ite unlikely .  

Ter restr i al ver teb rates 

Table H-64 lists the endangered te rrestr ial vertebrate s  that have been 
r ecent ly obser ved in the two-county reg ion . Most of these spec ies are as
soc iated with habitats that are not on or in the vic i nity of the site . 

Only two of the se spec ie s ,  the bald eagle and the pe regr ine fa lcon , are 
i ncluded in the Federal l i s t .  Both spec ies usually for age in the vic inity of 
large bodies of wa ter like the Pecos River and assoc iated reservoi r s .  I t  is  
unlikely tha t e ithe r spec ies would be more than an occasional v i s itor at the 
s i te.  
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Table H- 64 . Endangered Ter r e str ial Ver tebrate s  in the Reg ion of the Sitea 

Conunon name 

Manunals 
Ne lson ' s  pocket mou se 

Bi rds 
Mississ ipp i  k ite 
Bald eagle 
Pereg r ine falcon 
Aplomado fa lcon 
Red-headed woodpecker 
Var i ed  bunting 
Ba ird ' s  sparr owC 
McCown ' s  long spur 

Reptiles 
(Texas) sli der turtle 
( Sand dune) sagebrush lizard 
(Blotched ) pla in-bell i ed 

water snake 
( Pecos ) we stern r ibbon snake 

Amph ibi ans 
( Eastern)  bar k ing frog 
(Blanchard ' s  cr icket f rog 

Scientific name Statusb 

Perogna thus ne lsoni canescens NM II 

Ictinia mi s s i s s ippiensis NM I I  
Ha li aeetus leucocephalus FE , NM I I  
Falco peregr inu s  anatum FE , NM I 
F .  femora lis septentr iona l is NM I 
Melanerpes er tyhrocephalus cau r inis NM II 
Pa sser ina ver s icolor NM I I  
Ammod r amus ba irdii  NM I I  
Calcar ius mccown ii 

Chrysemys conc inna texana 
Sceloporus g r aciosus a r en icolou s 
Natr ix erythrogaster transversa 

Thamnoph is proximus d iabolicus 

Hylac tophryne august i latrans 
Acr is c repitans blanchardi 

NM I I  

NM I I  
NM I I  
NM I I  

NM I I  

NM I I  
NM I I  

ainformation on status and distr ibution from Hubbard et a l .  ( 1978 ) . 
bKey : FE = on the Federal li s t  of endangered spec ies ; NM I = New Mex ico 

endangered Group I; NM II = New Mexico endange r ed Group I I . 
cobserved in site vic in ity dur ing pro j ec t  fi eld stud ies . 

One manuna l ,  e ight b i r d ,  four repti le ,  and two amph ibian species l isted a s  
endangered by the State o f  New Mex ico may cx::cur i n  the site reg ion ( Hubbard 
et al . ,  1978 ) . 

Ne lson ' s  pocket mouse is known from a sing le spec imen collected 4 mi les 
we st of Wh i te C ity in we stern Eddy County (Webb , 1954 ) . I t  is h ighly unl ikely 
that the spec ies inhabits the study area . 

Thr ee  of the e ight endanger ed  b i rd spec ies (Miss i ss ipp i k i te ,  bald eagle ,  
and pereg r ine falcon ) usually forage and nest near water and would not be ex
pected to i nhab it the study area .  In New Mex ico the red-headed woodpecker is 
str ictly a ssoc iated with planted groves of trees and lowe r -elevation r ipar ian 
woodland (Hubbard et al . ,  1978 ) . The se habitats do not occur on , or in the 
v ic inity of , the site . The four rema ining spec ies ( Aplomado falcon , var ied 
bunting , Ba i rd ' s  sparrow ,  and McCown ' s  longspur )  occupy hab itats s imi lar to 
those on and near the site and could occur ther e .  In New Mexico the Aplomado 
falcon is typica lly found in a r eas w ith yucca g ra sslands and a s sociated shr ubby 
habitats at lowe r elevations . Baird ' s  sparrow and McCown ' s  longspur are grass-
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land spec ies.  There is a recor ded s:t-ghting of a single Baird ' s  sparrow in the 
vicin ity of the s i te on Oc tober 19 , 1975 . 

Three of the four endangered reptiles inhabit ing the s ite reg ion ( Texas 
s lider tu rtle , blotched pla in-be llied wa ter snak e ,  and Pecos we stern r i bbon 
sna ke) are assoc iated with aquatic environments and ar e no t l i kely to be found 
i n  the study area . The fourth species , sand dune sagebrush liz ard , occur s 
only on or near ac tive sand dune s .  Suitable habitat i s  ava ilable in the study 
area .  

Both amph ib ian spec ies listed a s  endangered i n  New Mex ico are corranon else
where in the i r  ranges . Blanchard ' s  cr icket frog i nhab i ts mo ist ter restr ial 
hab itats assoc iated with permanent wa ter , like those along the Pecos River . 
The F.a stern bar k i ng frog is a s soc i ated with rocky ledges ( usually l ime stone)  
and mi ght inhabit  the area along Liv ingston Ridge nor thwe st of the site . 

H . 5 . 4 . 2  Aquatic spec ies 

Fish 

A number of fish spec ies in the Pecos River bas i n  are cons idered to be 
threa tened or endangered ( Table H- 65 ) because of the ir h ighly re str ic ted 
d istr ibu tions and dependence on un ique hab itats . Two categor ies of endangered 
spec ies are recogn i z ed by the State of New Mex ico : Group I i ncludes those 
whose prospec ts of survival or recruitment in the State are in j eopardy : Gr oup 
I I  i ncludes spec ies whose prospects of survival or rec r u i tment i n  the State 
may be j eopar d iz ed in the for eseeable future . Nine spec ies are known to occur 
in the region ( or to have been exti rpa ted w i th in h i stor ical t ime s ) . 

The spec ies in Group I i nc lude the blue sucker , the gray redhor se , the 
s i lverband sh i ner , and the Pecos sh i ner ( bluntnose sh i ner ) . The b lue s ucker 
is known in New Mexico only from the lower Pecos dra inage . Recent records of 
the blue s ucker and the g ray redhor se are from the Black River and the Pecos 
River south of Lake McMi l lan ( Hubbard et al . ,  197 8 ) . The Pecos sh iner occur s 
only i n  the Pecos River of New Mex ico . Sublette ( 19 7 5 )  co llec ted two 
spec imen s of th is spec ies from Chaves County , and in 19 7 7  considerable number s  
were found below McMillan Dam i n  Eddy County (Hubbard e t  al . , 197 8 ) . Hubbard 
et al . ( 19 7 8 ) str e ss tha t reduced flows of the Pecos River have contr ibuted to 
i ts reduc tion . 

Four fish spec ies belong to the New Mexico Gr oup I I  of endangered spec ies 
(Table H-65 ) . Of these , the Pecos gambusia is per haps the most widely pub
l i c i z ed becau se of its Federal status as an endangered spec ies (FWS ,  197 7 ) . 
It  occurs  i n  seven i solated populations in the B i tter Lakes Nat ional Wi ld life 
Re fuge nor thea st of Roswe ll and in a 2-mi le por t ion of Blue Spr ing (Bednar z ,  
1975 ) . 

Aquatic inver tebrate s  

The only aquatic inver tebrate pre sent ly listed i n  e ither group , the 
Socorro i sopod (Exosphaeroma thermoph i lum ) , does not occur i n  the two-county 
reg ion . 
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Table H-65 . Endangered Fish in the Reg ion of the Sitea 

Common name Sc ientific name Statusb 

Blue s ucker Cycleptus_  elongatus NM I 
Gray redhor se Moxostoma congestum NM I 
S ilverband sh iner Notropis shumard i  NM I 
Bluntnose sh iner N .  simus NM I 

Mexican tetra Astyanax mexicanus NM II 
Greenthroat darter Etheostoma lepidum NM II 
Pecos gambusia Gambusia nobilis FE° , 
Bigscale logperch Percina macrolepida NM II  

NM 

ainformation from Hubbard et al . ( 1978 ) and F .  H .  Olson , New Mexico 
Department of Game and F ish (pr ivate commun ications) . 

II  

� I = fish  spec ies whose prospects of  survival or recruitment in  New 
Mexico are in j eopardy � NM II = spec ies whose prospects of survival or 
recru itment in New Mexico may be jeopard ized in the foreseeable future . 

cFE = spec ies on the Federal list of endangered spec ies ( Federal Reg is
ter , Vol .  4 2 ,  pp. 36 4 20- 3 1 ,  1977 ) . 

H . 5 . 5  Preexisting Env ironmenta l Stresses 

Several natural and man- i nduced fac tors stress the ter restr ial and aquatic 
ecosystems throughout  the reg ion . 

Vegetation often undergoes water stress because of the var iable and gen
erally low ra infall in the area . In add ition ,  the sandy so ils in the site 
v icinity reta in li ttle water and are susceptible to wind eros ion if vegetative 
cover is removed . The act ive dunes in the study area are probably a result of 
loss of cover due to overgra z ing in the past near the James Ranch wells . 

The g reat quantity of salt naturally occurr ing in the area is also a ma j or 
ecolog ical stress in the reg ion . Sur face water and groundwater are often 
salty . A lack of nearby good-quality water ing areas is an impor tant limiting 
factor for many of the wildli fe spec ies in the area . Add ing to the natura l 
salt loads are the br ine e ffluent and dust (pr imar i ly potassium chlor ide , 
langbein ite , and potass ium sulfate ) from pota sh refinerie s .  The potash in
du stry u ses approximately 12 , 000 ac re-feet of f resh water annually and d is
charges approximate ly 10 ,000  acre-feet as br ine . Th is waste commonly goes 
into ta ilings  ponds from wh ich some br ine seeps into the g round . Estimated a t  
about 2 0 0  mi llion tons i n  1976 and inc reasing at 1 4  million tons annually , 
these ta i lings cons ist pr i nc ipally of sod ium chlor ide . Sma l l  quantities of 
these ta ilings  are also airborne ; however ,  the amount airborne is small com
pared to the 55 tons per day of dust emitted by the potash re finer ies in the 
site reg ion .  

Vegetation has been severely aff ec ted by the potash-mining operations , 
with a reduction or elimination of vegetation around potash plants , ta i lings 
piles , and ta iling s  pond s .  The so il under the ta ilings  piles and br ine
d i sposal areas is essentially ster ile . The d istance from the potash refinery 
to areas where salt no longer vis ibly aff ec ts vegetation var ies , depend ing on 
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such fac tor s as the level of emi ss ion ,  prevail ing wind direc tion , te r ra in , and 
so il type s .  The zone of effect ranges from no e ff ect beyond the re finery s i te 
to effec ts obse rvable nea r ly a mi le away . At some refiner ies , all na tive 
vegetation w ithin 0 . 25 mile has been k i lled .  Beyond 0 . 25 mile , the salt
intolerant spec ies ( e . g . , grey thorn ,  allthor n ,  mesqu ite ,  and catc law) have 
b een defo li a ted, wh ile sal t-tolerant spec ies such as saltbush appear to be 
growing we ll . These vegeta t iona l  mod if icat ions in the area have , in turn , 
mod i f i ed the w i ldl ife hab itat (BLM, 197 5 ) . 

The most severe ecolog ical stre sses identif ied within the study area are 
heavy g razing by livestock and the limiting wa ter s upply . H i s tor ica lly many 
range land s in the reg ion have been sub j ec t  to overgra z ing and mismanagement 
ever since live s tock we re introduced into the area in the late 1 8 00 s  (BLM, 
1 97 7 : Humphrey , 1958 ) . It  ha s been est imated that over use by livestock coupled 
w i th f i re prevent ion has resul ted in i ncreased shr ub densitie s . These fac tor s ,  
together with insec t depredat ions and drought ,  have reduced forage product ion 
in the reg ion to about ha lf its potential ( SCS , 1 9 75 ) . Per s i stent heavy g raz
ing by livestock affec ts flor istic compos it ion and cover and thu s  influences 
ava i lable w i ld life forage throughout the area.  In add i tion , livestock can com
pete with herbivorou s wildlife spec ies such as deer , rodents , and gran ivor ou s 
bi rd s f or g ra sse s ,  forbs , and palatable browse . However , d i r ec t  compet i t ion 
is probably less impor tan t  than changes in spec ies compos it ion that result 
f rom live stock mismanagement . 

The construc tion of roads and the use of off-road veh icles has also af
f ec ted the nat ive vegetation and w i ldl ife . I nd iscr iminate o ff-road use of 
veh icles ha s led to signif icant an imal d isturbanc e ,  vegetat ion damage ,  and 
soil erosion (BLM, 1 9 77 ) . 
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H . 6 BACKGROUND RADIATION 

Th is section d iscusses the existing backg round-rad iation levels,  presents 
the data currently ava ilable , and discusses add itional information that will 
be obta ined . 

The major components of the externa l background radiation at any location 
are (a)  cosmic rays , ( b) terrestr ial rad iation sources like pota ssium-40 and 
the decay produc ts of the uranium and thor ium ser ies in the earth ' s  crust , and 
(c )  global fallout f rom nuclear tests in the a tmosphere . The backg round
rad iation level can vary between geograph ical locations by more than twofold . 
At a spec if ic location , it can also vary , to a lesser extent , over t ime and 
with weather cond ition s .  Therefor e ,  the natural var iability of background
rad iation levels at the s i te must be well documented to determine any fac i lity 
contr ibution above th is ambient level .  

Some preliminary measurements o f  background radiation were begun a t  the 
WI PP s i te ear ly in 1976 , in conj unction with the on-s i te meteorological pro
gram. Direct measurements have been made with a Reute r-Stokes pressur ized 
i on ization chamber , and a number of thermoluminescent dos imeters ( TLDs) have 
been emplaced in the area ( Figure H-25 ) . Sampling to determine the average 
g ross beta-particle concentration in air  has also begun . The results of these 
measurements are summar ized in Tables H-66 , H-67 , and H-68 � some have been 
d iscu ssed in a separate report (Metcalf and Brewer , 1977 ) . Add itional data 
will be required to permit accurate compar ison of preoperational and op
erational dose contr ibutions at spec ific locations or by spec ific pathways . 

From data pub�ished by the Nat ional Counc il on Rad iation Protection and 
Measu rements (NCRP, 1975 ) , the annual external whole-body exposure rates a t  
the site from cosmic ray s ,  terrestr ial sources , and global fallout are es
t imated to be 37 , 26 , and 1 milli rad , respectively , for a total of 64 milli
rads ( or 64  millirem if a quality fac tor of 1 is assumed) . These data were 
partly based on a flyover of an area that now i ncludes the s i te .  The aer ial 
survey was part  of the Aer ial Rad iolog ical Measurement Surveys (ARMS) , con
dix:: ted for the U . S .  Atomic Energy Commission dur ing the per iod 1958 to 196 3 .  
A second aer ial survey of the site area was made in September 1977 under the 
Aer ial Measur ing Systems Prog ram , the s uccessor to the ARMS prog ram (Jobst, 
1977 ) . The second flyover was made both to ver ify the data collected by the 
first aer ial survey and to locate any areas of abnorma lly h igh radiation 
levels ( hot spots) . The second survey covered only a small por tion of the 
WI PP s i te ,  and no hot spots were located . The data tend to conf�rm the data 
taken on the sur face with thermoluminescent dosimeter s  and the Reuter-Stokes 
instrument. 

The data published by the NCRP (1975 )  and the latest flyover data can be 
compared with the backg round-radiation data presented in Tables H-66 and H-67 , 
which were collected with ground-based mon itor ing equipment .  For example , be
tween Augu st 22 and December 31 ,  1977 , the average dose ra te measured in the 
area with the Reuter-Stokes pressur ized ion izat ion chamber was 7 . 9  micro
roentgens per hour ( a�rox imately 69 milliroentgens per year ) , with a maximum 
of 14 . 8  microroentgens per hour and a min imum of 5 . 8  microroentgens per hour 
(Table H-66 ) . 
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F igu re H-25. Locations of thermoluminescent dosimeters 
in the site area. 

The ave rage dose rate compa res f avorably w ith the NCRP da ta . The dose 
rate s  mea sured by the thermolumine scent dos imete r s  ( Table H-6 7 )  ind icate a 
somewhat h igher b ackg round- rad i ation level , but no s ign if icant d i fferences are 
noted . Backg round-rad iat ion levels at the WIPP site are expected to be s im
ilar to , or lower than , those in other parts of the Mounta in S ta tes--lower 
espec ially than the leve ls at h igher elevation s ,  where cosmic-ray doses are 
g rea ter . 

Naturally occurr ing sources of rad iat ion ( e . g . , potassium-40 ) are present 
in the human body and contr ibu te an internal component to the total backg round
rad iat ion dose . Thu s ,  if an inte rnal annual whole-body dose of 25 mi llirem 
( EPA ,  1 977 ) is added to the 64-milli rem external dose , the e st imated 
bac kg round-rad iat ion who le-body dose at the site is approx imately 90 mill irem . 
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Table H-66 . Background Rad iation Measured in 1977 at the WIPP Site 
with a Reu te r-Stokes Pressur ized Ion ization Chambera 

E�osure per iod Radiation exposure (µR/hr)  
Beg in End Average Max imum Min imum 

8/22 8/28 7 . 83 9 .  30 6 . 82 
8/29 9/4 7 . 74 10 . 27 6 . 5 2 
9/5 9/11 7 .  78 9 . 73 6 . 30 
9/12 9/18 7 . 8 3  9 . 66 6 . 36 
9/19 9/25 7 .  77 9 . 57 6 . 33  
9/26 10/2 7 . 88 9 . 64 6 . 69 

10/3 10/9 7 . 99 1 1 .  58 6 . 84 
10/10 10/16 7 . 81 9 . 0 2  6 . 52 
10/17 10/23 8 . 04 11 . 30 6 . 54 
10/24 10/30 7 . 93 10 . 24 6 . 86 
10/31 11/6 7 .  89 10 . 71  5 . 98 
11/7 11/13 7 . 97 11 . 45 5 . 94 
11/14 11/20 8 . 01  12 . 12 5 . 79 
11/21 11/27 8 . 00  12 . 29 6 . 1 2  
11/28 12/4 8 . 04 12 . 39 6 . 28  
12/5 12/11 8 . 14 14 . 18 6 . 68  
12/12 12/18 8 . 06 1 2 . 95 6 . 65 
12/19 12/25 7 . 99 14 . 80 6 . 47 
12/26 12/31 8 . 11 10 . 78 6 . 58 

Year ly average 7 . 94 b 11 . 16 6 . 4 4  

aoata for 1978 and 1979 have not yet been reduced . 
bA similar average measurement in Albuquerque showed an exposure rate of 

about 15 microroentgens per hour , wh ich illu strates the types of spatial var
iation that can be expec ted in the Mounta in State s ,  where elevat ions vary 
g reat ly . 

In December 1961 a nuclear dev ice was detonated at the Project Gnome s ite , 
9 miles south-southwest of the WI PP s i te .  Radioactive mater ial vented dur ing 
the explos ion as well as var ious activities afte r the detonat ion contaminated 
near by ground sur faces . Sampling prog rams conduc ted by the EPA have shown that 
there would be no significant rad iological hazard to man from ingest ing the 
meat of re sident wild an imals that were possibly a ff ec ted by the Gnome event . 
The plume of vented mater ial went to the nor thwest from the Gnome s ite � there
fore the contr ibution of the Gnome event to the background-rad iation levels at 
the WIPP site is negligible.  
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Table H-67 . 

.Location 

Sandia o t f ice, 
ca r  labad 

Meteorological 
at:ation 

Old Badger dr ill 
s i te 

ER!lA-6 

AB:-7 

AB:-8 

ER!lA-9 

Sandia off ice, 
ca r  lsbad 

Meteorological 
station 

Old Badger 
dr ill s i te 

ERDA-6 

AB:-7 

AB:-B 

ERDA-9 

WIPP-11 

Meteorological 
station 

Old Badger 
dr ill s i te 

ERDA-6 

llB:-7 

AB:-8 

ER!lA-9 

WIPP-ll 

NOTES 

Thermoluminescent-Dosimeter Data Collected in 
the Area of the WIPP Site in 1977-1 9 7 9  

F i r s t  q ua r te r  Second quarter Th i rd quarter fburth �arter 
llR µ R;?hr llR ,,.iVfir llR µ iVfir llR µ R/hr 

1977 

28 . l.!_3 . 7 1 2 .  7.!_1 . 6  25 . l.!_2 . 3  10 . 8.!_l . 0  24 . 4.!_4 . 4  1 2 . 6.!_2 . 3  22. 0.!_3 . l  9 . 8.!_l . 4  

18.  6.!_3 . 9 9 . 6.!_2 . 0  1 9  .0.!_2 . 7 8 .4.!_1 . 2 

2 4 . 4 .!_4 . 2  11 . 0.!_l . 9  19 . 7.!_2 . 4  8 . 5.!_l . 0  2 2 . 8.!_3 . 7 ll . 7.!_l . 9  19 . 0.!_3 . l 8 . 4.!_l . 4  

25 . 7.!_3 . 6  11.  6.!_l . 6 19 . 9.!_2 . 6  8 . 5.!_l . l  21 . 3.!_3 . 8 11.0.!_2 . 0  21 . 5.!_3 . 3 9 . 5.!_l . 5  

2 4 . 9.!_3 . 7  11 . 3.!_l . 7  22 . 5.!_2 . 8  9 .  7.!_1 . 2  2 1 . 4.!_3 . 6  11 . 0.!_l . 9  19 . 7.!_3 . 0  8 . 7.!_l . 3  

24 . 4.!_4 . 1  1 1 . 0.!_l . 9  20 . l.!_2 . 4  8 . 6.!_l . 0  18 . 0.!_3 . 2  9 .  3.!_l. 6 1 6 . 7.!_3 . l  7 . 4.!_1 . 4  

26 . 8.!_3 . 6  1 2 . 1.!_l . 6  19 . 2.!_2 . 3  8 . 2.!_1 . 0  17 . 0.!_3 . 8  8 . 7.!_2 . 0  17 . 7.!_2 . 8  7 . 8.!_1 . 2  

1978 

2 1 .  5.!_3 . 8  9 . l.!_l . 6  20 . 0.!_l . 5  9 . 1.!_0 . 7  19 . 5.!_2 . 7  9 . 0.!_l . 3  2 1 . 5.!_2 . 5  1 1 .  3.!_l . 3 

17 .3.!_3 . 5  7 .4.!_l . 5  1 4  . B.!_1 . 0  6 . 7.!_0 . 5  14 . 8.!_2 . 6  6 . 9.!_l . 2  16 . 5.!_2 . 1  8 . 7.!_1 . l  

18 . 7.!_3 . 4  B . 0.!_1 . 4  15 . 5.!_l . 3  7 . 0.!_0 . 6  16 . 0.!_2 . 3  7 . 4.!_l . l 1 7 . 0.!_2 . 0  9 . 0.!_l . l 

18 . 0 .!_3 . 3  7 . 7.!_l . 4  16 . 0.!_l . 2  7 . 2.!_0 . 5  16 . 2.!_2 . 2  7 . 5.!_l . O 1 6 . 5.!_2 . l  8 . 7.!_1 . l  

20 . 0.!_3 . 4  8 . 5.!_l . 4  17 . 3.!_l . 2  7 . 8.!_0 . 5  17 . 1.!_2 . 2  7 . 9.!_l . 0  1 8 . 5.!_2 . 3  9 . 8.!_l . 2  

18 . 7.!_3 . 6  8 . 0.!_l . 5  15 . 6.!_l . 2  7 . 1.!_0 . 5  1 5 . 5.!_2 . 3  7 . 2.!_l . l  17 . 0.!_2 . 0  9 . 0.!_1. l 

18 . 5.!_3 . 4  7 . 9.!_l . 4  1 5 .  0.!_l . 0 6 . 8.!_0 . 5  15 . 0.!_2 . 0  6 . 9.!_0 . 9  16 . 5.!_2 . 2  8 .  7.!_l . 2 

18 . 2.!_3 . 4  7 . 7.!_l . 4  1 5 . 0 .!_1 . l  6 . 8.!_0 . 5  14 . 8.!_2 . 0  6 . 9.!_0 . 9  16 . 5.!_2 . 5  8 .  7.!_1 . 3  

1979 

14 . 8.!_2 . 3  6 . 0+0 . 9  15 . 2.!_l . 5  6 . 8.!_0 . 7  

16 . 2.!_l . 5 7 . 3.!_0 . 7  

15 . 6.!_2 . 5  6 . 3.!_l. 0 14 . 4.!_l . 5  6 . 5.!_0 . 7  

15 . 6.!_l . 5  7 . 0.!_0 . 7  

15 . 5.!_2 . 4  6 . 3.!_l . 0  16 . 9.!_l . 5  7 . 6.!_0 . 7  

16 . 9.!_2 . 7  6 . 8.!_1 . l  14 . 3.!_l . 5  6 . 4.!_0 . 7  

15 . 2.!_2 . 4  6 . 1.!_l . 0  14 . 1 .!_l . 5  6 . 3.!_0 . 7  

1 .  The &tea o t  collection tor 1977 a r e  a s  follows : t i r at quarte r ,  January 10 to Apr il 1 2 :  second 
qua r te r , Apr il 12 to July 1 8 ;  thi rd qua r ter , July 18 to October 7; fourth quarter , October 7 to 
Januar y  9 ,  197 8 .  The &tea for 1978 a r e  as follows: f i r s t  qua r t e r ,  January 9 to Apr i l  1 7 1  aecond 
quarter , Ap r i l  17 to July 1 8 1  th i rd qua r te r , July 18 to Oc tober 16 1 fourth quarter , October 16 to 
January 3 ,  1979 . The f i r s t  q ua r te r  in 1979 was January 3 to Apr i l  16 ; the aecond qua r t e r ,  April 
16 t<> July 18 . 

2. The reported prec i s i on of each measurement includes a s t a t i s t ical propagation ot errors resulting 
from calibration procedu res , the cor rection for dosimeter response dur i ng  t rans i t  and storage, 
and va r iations in the TLD response of the five chips at each measurement location. 

3. The d i fferences betveen the TLD and ion-chamber data are pcobably due to d i f f e r ences i n  the wall 
thicknesses ot the tvo systems ( 2 4 0  mg/C'ftl2 foe TI.Os and approximately 2400 mg/cm2 tor the ion 
chambe r ) . 

4 .  Var iations in TLD data frOftl quarter to quarter are pcobably due to the method of f ield inatalla
tion of the TLD package. The dosime te r s  are exposed in a hollow pipe capped on the end that is 
above the ground. This pipe lll.!ly act as a ceaervoir tor radon and thocon au.nations , incceaain9 
the local r ad i a t i on  f i e ld around the dosimeter package. Th is e f f ec t  would be more apparent in 
the dry cliaate of the WIPP area , wh ich has pe r i od s  of precipitat ion alternating with dry pe r i od s .  

5.  Th e  e ffects mentioned in notes 3 a n d  4 w i ll be studied f u r t h e r  in t h e  1979 calendar year . 

6 .  Preliminary data for calendar year 1979 indicate that earlier TLD reaults are probably biased 
h igh , perhap8 by 10 to 20t . Th is ia especially true for quarters in vhich ra infall or anor.r cover 
wae preaent in the WIPP area. The TLO r e sults obtained a f t e r  mod i fyin9 the method of f i e ld in
sta llation show better ag r eement w i th the Reuter-Stokes da t a .  
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Table H-68 . Monthly Average Gross Beta Concentrations in Air at the WIPP Site 

Month 

Febr uary 
March 
Apr il 
May 
June 
July 

January 
February 
March 
Apr il 
May 
June 

January 
February 
March 
Apr il 
May 
June 

Average gross beta 
concentration 

( pCi/m3 ) 

0 .  0 16 
0 . 024  
0 . 0 19 
0 . 020 
0 . 0 17 
0 .  0 12 

0 . 041 
0 . 0 4 8  
0 . 0 8 2  
0 . 127 
0 . 175 
0 . 173 

0 . 074 
0 . 0 58 
o . 124c 

o . 137c 

0 . 083 
0 . 0 56 

January 
February 
Mar ch 

1976 

1977 

1978 

1979 

Month 

Augu st 
September 
October 
November 
December 

July 
August 
September 
Oc tober 
November 
December 

July 
August 
September 
October 
November 
December 

0 . 044  
0 . 0 32 
0 . 008 

Average gross beta 
concentration 

{pCi/m3 ) 

0 .  019 
0 . 0 17 
0 . 427a 

0 . 226 a 

o . 015a 

0 . 10 1 
0 . 045  
o . 1 5 3b 

0 . 111 
0 . 075 
o .  072 

0 . 035  
0 . 028 
0 . 0 28 
0 . 035  
0 . 0 24 
0 . 027 

arncrease becau se of nuclear explos ions in the atmosphere conducted by 
the People ' s  Republic of Chi na on September 26 and November 17 , 1976 . 

hirhe People ' s  Republic of Ch ina conducted a nuc lear test in the atmo
sphere on September 17 , 1977 . 

cThe People ' s  Republic of Ch ina conducted a nuc lear test in the atmo
sphere on Mar ch 14 , 1978 . 

H-146 



H . 7  NO I SE BACKGROUND 

The location of the s i te has been remote from human intrusion and thus 
from man- induced no ise . Measurements ind icate background noise levels in 
the range of 26 to 28 dBA . No ise sources were an imals  (bi rds , cattle ) , 
wind , occasional tra ffic , aircra ft , intermittent use of heavy equipment ,  and 
( in the d istance) potash-mine ventilation fans . The movement of dr illing 

mach inery to and from the site has led to the construction of a number of 
unimproved roads . The occasional use of these roads introduces a new , but 
minor , noise source to the area . 
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H . 8 . 1  C l imat ic Changes 

H .  8 THE FUTURE OF THE SITE 

Future climate changes cannot be pred icted with great cer ta inty at th is 
t ime b ec au se of the complex ity of atmospher ic-ocean ic-extrate r re str ial inter
ac tion s  ( Mitche ll , 19 68 ) , complicated by the impac ts of human ac t iv i t i e s .  
Although c l imatic exper ts have varying opin ions , there appears to b e  a con
sen sus (Nationa l De fense Un iversity ,  19 7 8 )  that there w i ll no t be a cata
stroph ic c l imatic change dur i ng the next couple of dec ade s . The long- term 
( thou sand s of years)  natural tr end is for another ice age ( Keel i ng and 
Baca s tow , 1 9 77 ; Mitche l l ,  1978 ) . However ,  man ' s  impact on the c l ima te could 
counterbalance th is tr end or result in a wa rming trend , poss ibly a global 
warming of 4 . 5  to 1 3°F or more , with greater ar idity in the We stern Un ited 
States starting in the next c entury ( Kukla and Matthews , 197 2 ;  Norw ine,  
197 7 ) . The poss ib le climatic var iab i l i ty in the next 10 , 00 0  to 20 , 0 0 0  years  
in the s i te region ,  even allowing for man ' s  influenc e ,  is s imi lar to that 
exper ienced dur ing the latte r por t ion of the Ple istocene and the Holocene , a s  
de scr ib ed in Section H . 4 . 6 .  The c l imate of New Mex ico may range from that 
assoc iated with glac ier s to the nor th ( abou t 60% to 7 0 %  mor e ra infall than at 
pre sent and sununer tempera ture s about 20 °F lowe r than at presen t)  to that 
assoc iated with interglac ial per iod s ( global temperature s about 3°F wa rmer 
and g rea ter ar id ity in the Southwe st than at present) . 

I f  continenta l g lac iat ion returns , there is no poss ibility that the s i te 
i tse lf w i l l  be glac ia ted , j udg ing f rom the Ple istocene record ; the i ncrea sed 
ra infall , however , - wi l l  inc rease the amount of wa ter in the Pecos River , will 
i nc rea se the amount of vegetation i n  the reg ion , and w i ll cause the compos i
t ion of the vegeta t ion to sh ift  towa rd pra ir ie gra ss lands . If , on the other 
hand , man ' s  in fluence cau ses a global warming , flow in the Pecos w i ll dec rease , 
the reg ion will sh ift towa rd the flora of the Ch ihuahuan deser t ,  and wind
dr iven proce sses w i ll i nc r ease . 

H . 8 . 2  Demograph ic Changes 

The populat ion of the area is expec ted to change very l i t t le in the next 
few decades . It  w i l l  g row s lowly . The number of wor kers at near by mines and 
at oil and ga s we ll a  in the area is not expected to change signif icantly . A 
ranch hou se will  probably be built about 8 miles we st- southwe st of the s i te .  
A small tra iler par k is be ing bu ilt  on pr ivate land along U . S .  Highway 6 2-180  
ea st of the inter section w i th N . M .  H ighway 360 . 

Population changes beyond the next few decades cannot be pred icted in any 
deta il . However , the retu rn of glac iat ion would probably result in an in
crea se in population and in intens ity of land use as the mass of the human 
population is forced to move south.  A g lobal warming would be expec ted to 
induce little,  if any , change in population . 
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H . 8 . 3 Land-Use Changes 

There is ver y  little pr ivate land within 3 0  mi les of the WI PP si te . Most 
of the land is owned by the State or by the Federal Government .  The domi nant 
u se of the land in and near the site is gra z i ng ,  at levels of six to e ight 
an imals per square mile . There are also many ac tive oil and gas we lls . The 
only ag r icul tura l land with in 30 miles is along the Pecos River near Car lsbad 
and Lovi ng . With or wi thout the WIPP ,  th is pattern of land use is expec ted to 
change little in the near future . 

Beyond the next few decades , the return of glac iat ion and the accompany ing 
i nc r ea se i n  ra infall would probably mean an i nc r ea se in land use , perhaps in
cluding a shift from gra z i ng to dry-land farmi ng . A global wa rmi ng would be 
expec ted to make l i ttle change in land use.  

H . 8 . 4 Geologic Changes 

The last major tec ton ic ac tiv ity at the WI PP s i te , the subsidenc e of the 
De lawa re bas i n ,  ended in the Permian Per i od ,  about 2 25 mi llion years ago .  
Evidence of lesser tec ton ic ac tivity sinc e  then has been super imposed on the 
ba s i n .  Ig neou s ac tiv ity in the v icin ity o f  the s i te ( 9  mi les nor thwest at the 
closest ) is restr icted to a dike or a ser ies of dikes da ted as be ing about 
35 mi ll ion yea r s  old . A gentle eastward t i l t i ng of the basin ( 1° ) that has 
occu r r ed is broadly est imated as mid-Tert iary in ag e .  Th is ti l t  may be con
tempor aneou s with the i n it ial for mat ion of the we s t  Texas salt-flat graben 
70 miles to the southwest ; the salt-flat g raben is the close st s tr uctu re to 
the site exhib i t i ng geo log ic ev idence of Quate rnary or Recent tec ton ic ac
t iv i ty .  The til ting of the ba sin has also been postula ted a s  a cause of defor 
mation within the evapor ite bed s .  Fur thermor e ,  the depos it ion of the Late 
Miocene-Pliocene Oga llala Formation i nd icates tec ton ic ac tivity along the 
we ste rn mar gin  of the Guada lupe-Sacramen to Mounta ins 65  mi les to the we st . 
Thus the post- Permi an tec ton ic h i story shows some gentle , b r oad eff ec ts of 
some t i l ti ng ;  i ntermi ttent per iods of erosion ind icate some relative upl i f t .  
Nearby r ecent tecton ic changes are restr ic ted to the salt-flat g raben-Diablo 
Plateau area sou thwe st of the site . The prognosis for the reasonably near 
geolog ic futu re is that the s i te may exper i ence some eros ion b ecause of the 
slight re la tive upli ft and tha t the salt-flat graben wil l  be a source of ear th
quakes resulting in mi nor g round motion at the s i t e .  

Eros ion and depos it ion as we ll as salt dissolution and collapse a r e  res
pon s ible for many of the landforms at the s i te and i n  the reg ion . In the pa s t  
these processes and the re sult ing features have been signif icantly affected by 
changes i ·\ c 1 ima te . Al though there have been many small c l imat ic cycle s ,  pa st 
wor ldwide glac ial- ice advances and interglac ial per iods have been alte rnating 
in 100 , 0 00-year cycles (Norwine , 1 9 77 ) . As i nd ica ted in Sect ion H . 4 . 6 ,  the 
stage of the glac ial- inte rglac ial per iod cycle has a great effect on the clim
ate of the De laware ba s i n .  Dur ing interglacial t imes , the s i te ha s been warm 
and dr y ,  wh ile du r ing glac ial per iod s ,  the climate has been cooler and more 
humi d .  If , as Norwi ne ( 1 9 7 7 )  sugge sts , the wor ldwide c l ima te cont inues to 
move along 10 0 , 000-year cycles , two glac ial per iods and two interglac ial per
i ods are possible dur ing the next 2 50 , 0 00 year s .  
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Bachman ( in prepar ation) infer s ,  however , from the presence of Me scalero 
ca l i che at the s i te that the cl ima te mu st have been semiar id s ince the forma
tion of the ca liche beg inn ing abou t 500 , 00 0  yea r s  ago .  The pre sence of th is 
caliche is rea sonab le ev idence that the ave rage annual prec ipitation d id not 
exceed 2 5  to 30 inches over any extended per iod du r ing the last half mill ion 
year s .  

I t  ha s been suggested that time and eros ion could remove " ev idence of a 
repos i tory ' s  existenc e ,  the reby i ncreas ing the po tential v iolation of the s i te 
by dr ill i ng and mi n ing . "  Bur ial by wind-blown sand might also conc eal sur face 
evi dence of a repos itory . 

Sur face and near-sur face processes can be used to some deg ree to est imate 
futu re erosion and depos ition at the s i te .  For the last mill ion year s ,  eros ion 
a t  the site has exceeded depos it ion : however , the th ickness of the res istant 
caliche cover at the s i te i nd icates that there ha s been no s ign if icant erosion 
s i nce its formation 5 0 0 , 0 0 0  y ea r s  ago .  Th is layer will resist  eros ion wh i le 
c l imat ic cond itions at the s i te are semi ar id.  If the s i te becomes more humid , 
wa te r runo ff will dra in towa rd and along Nash Draw and San S imon Swale , in
c r ea s ing headward erosion in these areas . Since the s i te is adj acent to a low 
d iv ide between these two feature s and ha s a very poor ly developed dra inage , it 
w i l l  not be s ignificant ly affec ted by fluvial erosion .  Ac tive and stabi lized 
dune s in the area of the site mean that wind eros ion can be expec ted to produce 
blowouts and dunes in the near futu r e ,  though wind- induced features w i ll be 
minor and loc al . 

The process of salt dissolu tion and collapse can be expec ted to cont inue . 
The so lution f ront at the Ru st ler -Salado inter face will move over the s i te .  
From Bachman and Johnson ' s  ( 1 9 7 3 )  est imate o f  disso lut ion rate s ,  i t  can be 
calcula ted that sur face subsi dence result ing from the d i s so lution of the top 
of the Sa lado wil l lowe r the land sur face by about 1 2 5  feet over the next 
2 50 , 0 00 year s .  (Bachman ( in preparat ion) ind icates that the se rate s  are con
servat ive ly h igh bec ause the dis solution that preceded Ogallala time wa s not 
tak en into account in these e stima tes . )  Re la ted co llapse features ( s ink 
ho les , so lution troughs , downwarps , frac tured str ata , and brecc ias)  can be 
expec ted to form in future s ubsidence areas . 
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Table 1 .  Distr ibution of Wind Directions and Speeds at the WIPP 
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Table 2 .  Dis tr ibution of Wind Directions and Speeds a t  the WIPP 
S i te ,  All Stabi li ties Combined , July 1977 
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Table 6 .  Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabilities Combined, November 1977 
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Table 7 .  Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabilities Combined , December 1977 
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Table 8 .  Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabiliti es Combined , January 1978 
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Table 9 .  Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabilities Combined , February 1978 
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Table 14 . Distr ibution of Wind Direc tions and Speeds at the WIPP 
S i te ,  All Stabi li ties Combined, July 1978 
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Table 15 . Distr ibution of Wind Directions and Speeds at the WIPP 
Site ,  All Stabilities Combi ned , August 1978 
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Table 16 . Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabilities Combined , September 1978 
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Table 17 . Distr ibution of Wind Directions and Speeds at the WIPP 
Site ,  All Stabilities Combined , October 1978 
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Table 18 . Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stab ilities Combined , November 1978 
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Table 19 . Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All S tab i lities Combined , December 1978 
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Table 2 0 . Distr ibution of Wind Di rections and Speeds at the WIPP 
Site ,  All Stabilities Combined , January 1979 
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Table 21.  Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  All Stabili ties Combined, February 1979 
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Table 2 2 .  Distr ibution o f  Wind Directions and Speeds at the WIPP 
S i te ,  All S tabi lities Combined, March 1979 
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Table 23 . Distr ibution .of Wind Directions and Speeds at the WIPP 
Site ,  All Stabilities Combined , Apr il 1979 
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Table 24 . Distr ibution of Wind Direc tions and Speeds at the WIPP 
Site , All Stabi lities Combined , May 1979 
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Table 25 . Distr ibution of Wind Directions and Speeds at the WIPP 
S i te ,  Stability A, June 1 ,  1977-May 3 1 ,  1979 
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Table 26 . Distr ibution of Wind Directions and Speeds at the WIPP 
Site ,  Stability B, June 1 ,  1977-May 31,  1979 

SF H D  & "P S l 

c . J - 1 . .. 
( ] ,  

• 2 l  

1 . s - l .  tl 
( ] ,  

• 2 )  

3 . 1 - s . o 

( ]  , 
1 l t  

s . 1 - 8 . '.J 
1 l t  

I 2 t 

t1 . 1 - 1 0  . ..  

C l ,  
I :> )  

OV ER 1 0 • 'I  
' 1 ) 

1 2 ' 

Al l sr E E D S 

I 1 ) 
I 7 )  

N N  [ 

a . b  

o . a  

.. 

2 . 3  

o . a 

O . b  
o . a  

2 

l . 1  

a . a  

0 
o . a  
o .  a 

a 

o . o  

a . a  

'3 

.. . 6 
0 . 1  

N [  

a . b 

a . o  

0 

o . o  

o . o  

z 

1 • l 
J . J  

I') 
J . a  

J . a  

0 
J . O  
a . a  

0 
J . C 
iJ .  0 

3 
1 • 1 

:J . 0 

EN E 

a . b  

a . o  

n . b  

a . o  

9 

5 . z  

a . 1  

2 

1 . 1  

J . J  

E 

0 

CJ .  a 

a . o  

5 

? . 9  

a . o  

b 

J . .. 

u . o  

5 

2 . 9 

a . a  

2 3 
1 . 1 1 . 7 

a . a  a . a  

a . �  () . o  
a . a 1 . a  

I b 2 0  
9 . 2 1 1 . 5 

a . 1  CJ . I  

D H E C T I ON 

E S E  S E  S S E  ' S S SW 

') 

o . a  

o . a  

b 
3 . .. 

0 . ::i  

" 
2 . 3 

0 . :..i 

2 

l . 1  

a . Cl  

3 

l . 1  
a . a  

5 

2 . 9 

o . o  

'1 

s . 2 

'J . 1  

3 
1 • 7 

o . o  

2 

1 . 1  

a . a  

5 

2 . 9 

o . a  

8 
.. . b 

a . 1  

5 

2 . 9 

a . J  

0 
O . b  O . b  o . a  
O . ') O . :J  ll . J  

J a 0 

a . o  a . o  a . a  
o . J  ::i . o  J . a  

1 3  2 1  2 Cl  
7 . 5 1 2 . 1  1 1 . 5 

n . 1 0 . 1  0 . 1  

2 

1 . 1  

a . o  

6 

3 . .. 

a . o  

.. 

2 . 3 

u . o  

u 
') . 0 

J . a 

c 
J . J 
a . a  

0 

Cl .  0 

J . O  

l 2 

b . 9 

0 . 1  

3 
1 · '  
a . o 

a . b 

a . a  

a 

o . o 

o . J  

() . b  

0 .tl 

a 
[J . J  

(J . u  

J 
O . J 
o . a 

:; 

2 .1 
0 .::J 

l l t =P E W C EN T  O F  A L L  (; Q :)IJ or· s F OR F! V i  P A ;:. c.:  

l 2 • =P l R C Et.. 1 or Al l G OO(l o� s r oP T H t: P E R I OD 

l 7 'I Hh: S O�J T H  I S  P A  Gt: l H R S  I :J o b P C T ) L E S S T 'f A rl 0 . 3 � S  

S W  

a . & 

a . a  

J 

1 • 7 

o . o  

z 

l . 1  

0 . i.J  

2 

1 . 1  

a . a  

') 
:.i . a  

D • ::J 

a 

J . O  

J . O  

a 

.. •  b 

0 . 1  

W S W  
3 

1 . 7  

a . a  

a 

o . a  

a . a  

a 

a . a  

o . o  

r) 

o . o  

a . a  

G 
a . a 

o . o 

0 

o . o  

a . a 

J 
1 • 7 

a . a  

II 

.. 

2 . 3 

a . a  

b 

J . .. 
o . a  

O . b  

o . a  

D . b  

a . a  

O . b  

o . o  

O . b  

o . o  

l " 
8 . a 

a . 1  

WN II 

O . b  

a . a  

.. 

2 . 3 

a . o  

0 

a . a  

0 .  iJ 

n 

a . o  

a . a  

O . b  

0 .  l'.J 
0 

a . o  

a .  r) 

b 

3 • " 
a . o  

( 0 . 0  P C l Of All H R S )  

N W  

3 

1 . 7  

a . a  

3 

1 .  7 

J . a  

0 

o . a  

a . a  

1 

O . b  

::J .  0 

0 
o . a  

I) .  J 

a 

a . a  

o . a  

1 

.. .  0 

o . o  

NN W 

3 
1 .  7 

a . a 

.. 

2 . 3  

o . o 

a 

a . a  

a . a  

a . &  

o . o 

0 
a . a  

a . a 

0 

o . a  

a . a  

8 

'I o b  

a . 1  

"ii 1 OT Al 

2 

1 . 1  

o . o  

3 

1 .  7 

a . o  

0 

a . a  

o . o  

3 

1 . 1 

o . o  

a 

o . a  

o . o 

a . b  

a . a  

9 

s . 2  

0 . 1  

3 0  

1 7  . 2  

0 . 2 

S b  

3 2 . 2 

o . ..  

.. b 

lb . ..  

o . 3 

2 8  

1 b . 1  

0 . 2 

9 

5 . 2 

0 . 1  

.. 

2 . 3  

O • a  

1 7 3 

99 . .. 

1 • J 



w .... 

Table 27 . Distr ibution of Wind D irections and Speeds at the WIPP 
S i te ,  Stabi l i ty C ,  June 1, 1977-May 3 1 ,  19 79 
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Table 28 . Distr ibution of Wind Direc tions and Speeds at the WIPP 
Site ,  Stability D, June 1, 1977-May 31 , 1979 
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Table 29 . Distr ibution of Wind D irections and Speeds at the WIPP 
S i te ,  Stabil ity E, June 1 ,  1977-May 3 1 ,  1979 
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Table 30 . Distr ibution of Wind Directions and Speeds at thP- WIPP 
Site ,  Stability F ,  June 1, 1977-May 3 1 ,  1979 

SP E ED I KP S > 

0 .  3 - 1 . ..  

( l >  
' 2  t 

1 . 5 - 3 . 0 

1 1 )  

• i t 

3 . 1 - � . o 
1 1 ,  

' 2 '  

� . 1 - 8 . CJ  

1 1 '  

c 2 >  

8 . 1 - l ::J . ..  
I 1 t 
' 2 ,  

o v  f P 1 Q . ..  
' 1 , 
' 2 ,  

AL L SP U . O S  
' 1 ' 

' 2 1 

NN E 

b 

o . 3  

o . o  

9 

o . s  

0 . 1  

1 5  

o . s  

!] . 1  

7 
0 . ..  

0 .  !] 

0 
o .  a 
o . J  

0 
G . O 
rJ • ') 

3 7  

1 . o  

o . z  

N E  

1 0  

o . s  

il . 1  

" 2  

1 . 1  

il . 1  

2 7  

1 . .. 

0 . 2  

l S  
J . 6  
J . 1  

q 

J . 2 

J . O  

2 
J . 1  

J . O  

t> J  
" • I 
J . 5  

[N [ 

5 

0 . 3 

o . o  

9 

Q .  <: 

0 . 1  

3 3  
1 • 7 

c . 2  

3 1  
1 • b 

0 . 2  

I a 
r:J .5  
0 . 1  

c 
Q .  ') 
o . o 

;, A 
.. · "  
u . �  

O l� E CT I ON 
[ E S[ ::i E  S S E  , S S SW 
.. 

0 .  2 
::i . o  

2 3  

1 • 2 
J . l  

3 b  

1 • II 
'J .  2 

lf J  

2 . '4  
J . 3  

.. 
J . 2  
J . O  

0 
Q .  a 
J . J  

2 2  

1 . 1  

0 . 1  

l b  

0 . 8  

0 . 1  

9 1f  1 3 2 

.. .  8 b .  7 

o . ,,  o . &  

e n  2 2 11  

.. .  9 1 1  . .. 
2 . b  1 . ..  

I 0 

o . 5 

0 . 1  

3 9  

2 . 0 

0 . 2  

1 .. J 

7 .  1 

o . 9 
2 b  1 9 8  2 <'. 9  

1 . 3 1 0 . l  1 1 . 7 

0 . 2  1 . 3 1 . 5 

Cl 
J . J 

o . o 

J 
") . o  
J .  '.) 

1 .. 
0 . 1  
0 . 1  

0 . 1  
o . u  

4 1  
2 .  1 

o . 3  

lJ 
n . o  
.J .  J 

l l S  ? ! 9  5 >l '.> 11 5 9  

s • 9 i ? • z 29 • a n . 11 

'J . 7  l . 'l 3 . 7 2 , 9 

b 

o . J  
IJ . O  

1 7  
0 . 9 

I) .  1 

lf 5 

2 . 3  

·J . 3 

b 

0 . 3 
o . o  

0 
J . O 
o . o 

0 
J . C  
J • .J 

7 11  
3 .  II 
_) . ') 

7 

O . lf 

o . o 

1 
0 . ..  

o . o 

.. 

o . z  

o . o 

0 

o . o 

o . o  

0 
Q , O 
0 , [l  

c 
o .n 
li . o 

1 8  
0 . �  
J . 1  

l l l = P f R C EN l  Cir Al l G O Ofl OP � f (l?  T H ! '.:>  P A G r:: 
C l l :::P £ � c n1 T  (If U L  C O UP OF S r oR T H [ P f < n oo 

1 9 � 1  HR S ON T ti l S  P /> C. [  2 H R S  C C . 1  f CT t L f S S  l ' U  N 0 • 3 HP S 

S W  

5 

0 . 3  

:J . O  

1 1  

Q .  b 

'.) . 1  

0 

o . o 

0 .  IJ 

3 
a . 2  
o . o 

:_) . 1  
o . o  

0 

J , O 
J , O  

2 0  

l • 0 

0 . 1  

W S W  

0 
o . o  

o . o  

b 

0 . 3  

o . o  

9 

o . s 

0 . 1  

8 
0 . .. 

0 . 1  

3 

0 . 2  

o . o 

2 

0 . 1  

0 .  ') 

<' 8  

1 • q 
0 . 2  

w 

2 

0 . 1  

o . o  

1 

Q . ..  
o . o  

9 

o . 5  

Q . 1  

2 8  
1 . ..  
0 . 2  

8 
0 . .. 
0 .  1 

3 

0 . 7  
J . C  

5 7  

? , 9  

0 . ..  

WN W 

8 

0 . ..  

0 . 1 

b 

o . 3  

o . o  

6 

0 . 3 

O . IJ  

1 3  
0 . 1 

0 . I  

.. 

0 . 2  

o . o  

c; 
0 . 1  

o . o  

ii ?  
z . 1  

0 . 3  

C O , Q P C T  Of A L L  H R S I  

N W  

l 

0 . 2  

o . o  

.. 

0 . 2 

o . o  

.. 

0 . 2  

O . il 

1 1 

O . b  

0 . 1  

0 

o . o  

o . o  

0 

o . o 

o . o  

22 

1 . 1  

0 . 1  

NN W 

5 

0 . 1 

o . o  

7 

o . .. 
o . o 

1 7  

o . 9  

0 . 1  

2 

0 . 1  

o . o  

.. 

0 . 2  

o . o  

0 

o . o 

o . o  

1 5  

1 • 8 

0 . 2  

,. T OT AL 

l l 

0 . 1 

0 . 1  

1 9  

l o O 

0 . 1  

1 1 

O . b  

0 . 1  

1 2 

o . 6  

0 . 1  

.. 
:J .  2 

o . o  

0 . 1  

o . o  

6 0  

1 . 1  

0 . ..  

1 22 

b o 2 

0 • 8 

lf l  2 

2 1  . o  

2 . b  

b 1 7  
l lf  . 5  

.. .  l 

b l 7  
1 2 . 5 

.. . o 

9 7  
.. . 9  

O . b 

1 If 

0 . 1 

0 . 1  

1 9 5 9  

9 9  . 9  

1 2 . ..  



w U1 

Table 3 1 .  Distr ibution of Wind Directions and Speeds a t  the WIPP 
S i te ,  Stabi lity G ,  June 1, 19 77-May 31,  1979 
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Table 3 2 .  Distr ibution of Wind Directions and Speeds a t  the WIPP 
Site ,  All Stab i lities Combined , June 1 ,  1977-May 3 1 ,  1979 
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Table 33 . One-Hour Frequency Distr ibution X/Q Values for the 
WIPP Site 

0 OWN W IN D  O I S T A '4 C £  l"AX I M  U M  5 P CT 5 L) P C T  

S E C T  OR C M E T E R  S J  CH I / O  C H I / Q CH I /Q 
f S c C  P ER C UB I C  M E T ER I 

S S W  8 0 5 D . l l :.J � - J 2  0 . 2 'i lf t: - � 3  J . b J 6 C.:- 'l 4 
S •  8 C 5 u . 1 1 0 r- 02 a . 2 1  o f - 0 3  a . 6 2 1 E - 0 1.f  

W S W  8 0 5 o . n u E - 0 2 D . 2 6 5 ( - 0 3  0 . 4 2 1 [- J 4 

Ill � 0 $  0 . 1 1 0 f.- : J2  :J . 27 6 [ - J �  D . 5  4 3  E- rl l.f  

WN Ill !3 CJ 5 1:. . 1 1 1 :.:: - 0 2 iJ . 3 ? 9 f - C 3  •j . 6 � 3 [- 0 4  
N W  8 0 5  Ll . 1 1 o r- a 2 o . 2� � :-- 0 3  L1 • 6 l •; E - '.H 

"4 N  � 8 O S  o . 1 1 o r- :::i 2 0 .  2 3  �1 [ - 0 3 (J . 5 1:.9 [- 0 1.f  
N 8 ,, r u . 1 8 . l l ' E - D 2 o . :?: n r- J �  C°J . � 7 9 [- 0 4  

N N  r:_ d '.": 5 (J . 1 1 1J '::- J 2  rJ .  2S 3 :  - rj ?.  r) • 1 �. :; �� - :-' 4 
N E  8 ,_} 5 .: . 1 1 :: :.::- J ? 2 . 2 � 3 [ - J 3  ::i . � '.J .:' l - J 4  

EN C: 8 o s  0 . 1 : 0 [- r. 2  0 . 2 1 1 :.: - '.J ?  0 .  2 " "  t:- 0 4  
[ 8 0 5 G • .i 1 0 •:.- r:: 2 o .  2S 1 :::- - CJ 3  U . 2 ') � [- Q Q  

[ c ;-_, I... � � c:  t •• - .J i �  • \,,, :-' / r - ] 3  ') • 2 '> 13 = - ...; 3 J , 5 J e : - o "  
S L.  u u S J • : ' ' 1 F. - �1 2 'l .  ?S 7 : - :..i 3 J . 4 �  2 E- 'J 'i 

s !:) c b r !:: '- _, c . 1 1 ,, i::. - J 2 0 . ?. 7 6 :- 0 3  j . s  l � .: - 1 4  
(' d r) 5  d . l l !J [ - il ? Ll • 25 .1 F - J 3 '.J . 5  8 G  ;:- U 4  _, 

.\1.. L ... . J 1 1J [ - 1 2 1 , 2 6 H - J 3  c . 5  3 1  �- (JI� 

37 



Table 3 3 .  One-Hour Frequency Distr ibution X/Q Values for the 
WIPP Site (Continued) 

D O WN W IN D  D I S T A N C E  � A X  HW M  s P CT s o  P C T 

SECT OR t � E T E � S > CH I I Q CH l / Q  CH I / O 
( S E C  P Ef.t C UB I C  H E T ER >  

S S 11 2 q 1  " O . &f 5 u E- 03 0 . 1 1 1 �- 0 3 0 . 1 3 S  l- 0 4  
S W  ? 4 1 4 0 .  45 u E- 0 3  0 . 9 5 4 F.:- O &t  C . 1 5 6 E - IJ 4  

W S W  2 4 1 4 0 . 45 [.' (- 0 3 O . 'i ! O C:: - 0 4  0 . 8 5 7  E- C5 
w 2 4 1  4 (; . 45 0 £- 0 3 0 . 9 0 2 E - U 4  iJ . 1  0 4 E- 0 '+  

lllN iii 2 4 1  " U 1 4 5 U f - 0 3 u . 1 3 � F - G 3 U . 1 9 2 E - C 4  

N W  2 4 1 4 c . 11 � n E - r:' 3 0 .  � 2 ·1 � - u 4 'J • l �· 3 E - 0 4 
�._. w 2 Li l  4 Q .  45 D E - J 3  IJ . 7 1.t O F. - u ti  U . 1 J B E - U 4  

N 2 4 1  4 G . LIS C E- 0 3 IJ . 8 2 Q f- U 'i  D .  4 25 E - 05 

� r. t: : '• l 4 LJ . 11 � (: [- t) 3 o . ; 4 r) r- - u 4  Li , 1 7 � E - C.1� 
tH � 2 4 1 4 c • '�$ c �- J 3  J . � 5 3 >- C t+ 0 • ll 9 b t: - 05 

EN E 2 4 1  &f U . ll � f. [- f) :i  o . 11 4 4 r - 2 4  0 • &t U5 E - :JS 
[ 2 4 1 1.1 l.J , 1: $ [1 f- '.)3 o . s3 9 f.- .J 4 U .  4 � 2 E- O� 

i.: S [  2 Lj 1  4 .j . 3 ::. � F - rn t"J • � u �, r - :.; 1; u . 1  .] c.;, !': - 1"' 4 
S E  ? 4 1 4 c • "' : lJ f - u 3 :J . a c n �: - G !� ;: .� l 7 E - SS 

S S E 2 11 1 4 J . u 5 •, E- J3 J . � 'J 4 ( - :.; 4  C . 1 1 3 E - Ll 4 

s 2 4 1  4 I� e 4 5 (! ( - Q :_) 0 . 8 2 iJ f - C 4  !J . 1 1 b f.- 0 4  

Al l l 1 • L! �' r 1 F - l E  J . 9 J 'I F - L: 4  .: . l l ti f - C 'l  

38 



Table 3 3 . One-Hour Frequency Distribution X /Q Values for the 
WIPP Site (Continued) 
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Table 3 3 .  One-Hour Frequency D istr ibution )( /Q Values for the 
WIPP Site (Continued) 
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Table 3 3 .  One-Hour Frequency Distribution X /Q Values for the 
WIPP Site (Continued) 
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r . 1  7 f [- 11 3 
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5 P CT 5 0 P CT 

C H I / Q CH l / Q 
I S E C  P ER C US I C H £ T ER J 

� . '1 2 3 C:: - 0 4  0 . 3  1 5  E - QS 
0 . 3 7 7 E - 0 4  G . : n G E - CS 
0 . 3 4 9 (- 0 1.f  0 . 1  a :  E- QS 
o . 3 ? 6 f - J q  0 .  2 2 3  E- 05 

1 . 5 2 4 [ - 0 4  C . 5  ?. G  £ - JS 
u . 3 5  t, i:_ - J 4  ;J • 3 b 7 €:- DS 
0 . 2 6 '.i E - 0 4  C . 2 3 G £- 05 

J . ·� o � C- 0 4  J . f:: R�, (- 0 6  

c . :: 3 7. ': - J 4  G . 2 5 b C: - J 6 
u . 3 6 3 ': - J 4  J . 3 8 1 €- J b  
J . 3 l  l f - '.J 4  0 . 7 25 C:- J 6 
'] . ?9 7 :- J 4 :J • B 25 C- rJ 6 

fJ . 3 2 7 i - 0 4  c • -:? 2'? ·: - 15 
j .  3 J � .  :- J 4 0 . 1  t � c.: - �15 
J . 3 3 3 C: - :: 4  G .  2 : »r E - �5 
1: . Z9 ? ( - J 4  C . ? 5 9 t:- JS 

J . 3 4 ! � - !1 4  0 . 2 4 9 �- . J"i 



Table . 33 .  One-Hour Frequency D istribution X/Q Values for the 
WIPP Site (Continued) 

D OWN W IN O  

S E C T OR 

S S ili  
S W  

W S W  

w 

Wtdil 
N ii 

N �  ill 
N 

... I'\ 1.::. 
N L  

£N E 
E 

L: S c.  

AL L 

O I S l A N C E  

t M E T E R S J 

1 2 07 0  

l 2 07 rJ 
l 2 0 7 0  

1 ? 0 1 0 

1 '- 01 n 
1 2 1J7 1J 
l 2 ·)7  !1 
l 2 0 1 0 

i 2 0 7  ') 

l Z :J "? l 
1 2  C 7  1 
1 2 0 7  0 

1 ? 0 7 1 
1 2 rJ7 1 
1 2  0 7  J 
l 2 0 7  u 

5 P CT s·o P C T  

C H I / Q  Oi I /Q 
C S E C  P ER  C UB I C  H ET ER »  

O e l l l E- 03 
0 . 1 1 1  E- 0 3  

G e l l !  E - 0 3  

O o l l l E- 0� 

J . l ! l E- 03 
L. . �  1 1  F- 0 3  

L' . l l 1 S::- 03 
C . l l ! E - 0 3  

c . 1 1 ·. � - 11 3  

J . l l l E - 0 3  
C . l l l E - 0 3  

O . l l l F.- 0: 3  

,j • ·. q ·:> E - tJ 11 
c . 1 1 1 E- " �  
c . 1 , i r- :n 
.: . 1 1 1  E- 03 

1_ . :i. 1 1 r: - n 3  
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u . 21 s r. - o lf  
0 . 23 5 E- J �  

0 . 2 :? 3 E- O 't 

O . l q  S f. - O lf  

J . 3 4 6 [ - G tt  
u . l 2 4 �- o tt  
o . l E> lf F.: - O lf  

J . 1 9 2 E - C lf  

;) • 2 1  2 f - 1 If 
j • 2 2 11 � - :; tt 
'J . 2 1  lf E - O lf  
0 . 1 8 & E - J lf  

\) . 2 iJ ll � - J 4  
0 . 1 q '• f - J  4 
J . 2 1 "': E - 0 4  
o . 1 ;:) 11 � - 0 4  

0 . J  b tt  E - 05 
0 . 1 9 2  E- 05 

o . s � 1 E- 0 6 

0 . l  1 3  £- OS 

u . 2 3 3 E - '15 

u . 1 9 '1 E - IJS 
0 . 1 1 7  E- ·)5 

o . 2 9 8 E- rJ E>  

u . l l S E- J b 

:.J . 4 0 4 [- iJ b  
u . 3 2 b f- O b  

c . 3  8 4 (- 0 6 

!") . 1 1 :,  E- 05 
J .<; 8 1  [- J b  
C • l :.;a E - u� 
'..J . 1  3 1  [ - J5 

L. . 1  n ':- JS 



Table 3 3 .  One-Hour Frequency Distr ibution )( /Q Values for the 
WIPP Site (Continued) 

D O WN W IN D  

S E CT OR 

S S ;c  
S W  

W S W  
w 

f S E  
s ::  

S S  t. 

A L L 

D I S T A N C E  

C "E T E R S I  

2 4 1 4 0  

2 4  l 4 0 
2 1.f  l l.f O 
2 4 1 c+ 0 

2 4 1 4 0  
2 4 1 4 0 
2 � 1 4 0  
2 4 1 4  0 

2 4 1 4 Q 

2 4 1 4 11 

� � 1 4 0  

?. 'l l 4 U 

? 4 1  4 u 
2 4 1 4 l 
2 4 1 4 CJ 
2 4 l i< CJ  

0 . 5 9 9  E - 0 4  

J . 5 9 9 �- IJ 4  
iJ . 5 9 9  E - 0 4  

J . s 9 q f - 1J 4  

Q . � Cj j  f - J 4  

G . 'l ct <;. E - 0 4  
•.: . 5 9 9  E - J 4  

c . S 'J 0 E - ::J 4  

:.i . s i> ct c- - 1 '+  
0 .  5 ') 9 r - J 4 
J . Cj 1 9 £ - '1 4  
c . 5 '1 9  :C - '1 4  

� • u s  0 � - 1] � 
C I 5 'j 'i .. - ,"') 4 
•J • s � '1 :: - f") 4 

J I :, ·I i E - ] 4  

4 3  

S P CT S 0 P C T  

C H l / Q CH I / 0  

I S E C  P ER C UB  I C  M E T  ER ) 

0 . 1 3 9 E - u 4  
O . l ? 3 E - O 'I  

0 . 1 1  b E - O c+  

a . 1 0 2E - G 4 

IJ . I '3 2 E - J 4  

J . 1 1 7 F - u 4 

CJ , 85 2 E - 0 5  

O . l O O E - J Cf  

'J . 1 1 1 : - J 4  
IJ e l l I� f - J 4 
'J . 1 1 1 [ - CJ 4  

J , 9 4 'i F: - � 5  

'J . 1 0 ) � - ::, 4  

J , 1 9  li -� - J S 
0 . 1 1 1 ::- - J 4  

::: . � S 7 ': - C 5 

J . 1 1  4 f - J 4  

O . b CJ 2 f - rJ 6  

0 . 3 Cl3 E- O t  
o . 3 b 3 E- Cl b 
G . 4 7 1 E- O b  

G . 1  2 6 E- Cl'. 
o . e 3 1 £ - u c. 
0 . 4 1 3 E - 0 6  

G o l 0 1 £ - G l:  

u . � ? F C: - -J /  

C , 1 4 � C.: - -::· L  

O . l l l i. - J b  
O . l 'l E E - C c 

l . 4 7 S  :: - e t  
c . 3 ; 5 [ - rj f  
0 • 5 2 t. ;:: - 0 �. 
O . 'i 3 4 � - fJ t  



Table 3 3 .  One-Hour Frequency Distr ibution X/Q Values for the 
WIPP S i te (Continued) 

O O Wr.I W I N O  

S E C T OR 

s. s w  
S W  

W S W  
!iii 

WN W 
N W  

� �  w 
N 

E S E  

S [  
s s :  

s 

Al l 

D I S T A N C E 

U 1 E T E � S )  

" 0  23 3 
4 0 2 3 3  

4 0 2 3 3  

4 0  23 3 

,_. D 23 3 

4 0  23 3 

4 0 2 3 3  
4 0 2 3 3 

!r n 23 3 
4 0  23 3 

4 0 2 3 3 
4 C  23 3 

4 C 2 3 3 
4 J 23 3 
4 0 2 3 3 

t+ C 2 3 3 

l'fA X  l 11 U 1'1  
QI I / Q  

5 P CT S 0 P CT 

C H  I / 0  CH I /Q 

• SEC P ER cue I C  tit E T ER , 

0 . 3  B l E- 0 4 

0 . 3 8 3 E - '.l 4 

U e 3 R � E - 0 4  

ll e ! 8 3 f- D 4  

CJ . 3  Ji 3  S: - :J 4  

0 . 3 8 3 £ - 0 4  

0 . 3 3 ?. ;:: - Q 4 

,1 . 3 R � t:- :J 4  

J . 3  '3 :S  :: - 'J 4  

o . :s e 3 f - IJ 4  
0 . ?  ·� ; E - 0 4  
0 . �  3 �  c - 0 4  

J . l H7 E- 1 4  
.) . :  3 ::  [- 0 4  
0 • .,: ,-i � E - J 4  
i.l . �  !:3 3  [ - (1 4  
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0 . 87 8 [- 0 5  
o . s o 3 � - o s  

0 . 7 6 3 E - O �  

0 . 6 '4 9 E - 0 5  

O . l l  4 E - Q 4  

D . 7 7 9 '::- 0 5  

u . 5 3 ·, r - u s  

J . b 4 7 E - .:' 5 

0 . 7 0 6 E - 0 5  

0 . 1 4 � ;: - c s  
'J . 7 0 o c- - r:.i s  

L:' . 6 0 3 f - C 5  

0 . 6 4 1 [ - l.) lj 
Q , 6 4 4 � - G S  
o . 1 1 1 i:. - tJ S  
t; , o 4 b [ - 0 $  

o . 7 4 b E - o s 

0 . 3 6 8 E- 0 6 

LJ . 4 45 (- 0 6  

0 . 1 9 5  [- 0 6  

0 . 2 S o E- 0 6 

0 . 7 1 1 E- 0 6  

U . tt 6 b E- 0 6 

0 . ? f>Q E- J c  
1 . 4 7 2 [ - 07 

O . l "T 4 t:- 07 
u ,  7 1 4  E- 07 
o . 5 1 3 � - '1 7  

J . 7 4 £J £- :.J7 

0 .  2 49 E - Cl b  

c . 2 1 0 :- o f; 

J . ?. 7 9  E- J o  
C , 2 89 E- 0 6 

0 , ? 8 6 E- O b  



Table 3 3 . One-Hour Frequency Distr ibution X /Q Values for the 
WIPP S ite (Continued) 

IJ 0 "1N W l N O  
S E CT Ok 

S S W  
S W  

"' � ·  
" 

.. ,... [ 
N C  

EN € 
c. 

: ( .... .. � 

S C  
s s t.  

s 

AL L 

D I S T A N C E  
t Mf T E R S l 

5 t> 3 2 7 
5 6 3  2 7  
s 6 3  2 7  
5 6 3  2 7 

5 6 3 2 7 

5 b 3  2 7  

5 6 3 � 7  

5 t> 3 2 7 

5 b 3 2 7  

5 6 � 2 7  

5 & 3 2 7  
5 6 3 2 7 

�; 6 3 2 7  

5 6 3 2 7 

5 6 � 2 7  
s 6 3  2 7  

M A X  IP'!IJ M  5 P CT 5 0 P C T  
CH I I 0 C H  I I 0 CH I I Q  

0 . 2 8 ti f- J 4  
:l , Z P. l" C - .) 4  
:J o 2 8 � t - l' 4  
u . 2 s 3 �- a 4  

C . 2 A q f - J 4 
.1 • 2 8  Q f - J 4 
.J . 2 '1 .1 :.: - ,) 4  
.. J . ? q � f - C' 4  

J • ? :J ;1 [ - (1 4 
D .  ? 8 •! i: - : ) 4  
u .  Z IF  E - '."J 4 
Q . 2 3 � f - (' 4  

J . 2 l 6 F - •1 4  
J . 2 3 �� [ - 0 4  
'.J • .? 3 � [ - 1 4  
:J . 2 8 � ( - 1 4 

( S E  C P ER C lJB I C M E T  ER ) 

4 5  

0 . 65 9 f - 05  
u . 6 C 3 f. - O S 
1J . 5 � ? E - C S  
1 1 . 47 � ; - J :. 

J . 85 4 f - 0 5  
0 . 5 7  ·'J E - L 5  
s . J q i:l �- :. :i 
U . 4 3 1 [ - c .:.,  

J . '::> 2 � E - u 'i 
0 . '5 4 .? E - .J 'l  
.: . 5 1 3 r: - :J '.)  
:J . 4 4 3 � - J C) 

G . 4 8 1 E - :J 'l 
C . 4 9 '1 '.: - lJ $ 
0 . :> 2 ') f - IJ :>  
J . 47 2 E - lJ '> 

D . 2 5 1 E- 0 6 

0 . 2 '1 7 [- 0 6  

U , l 3 l.i E- 0 £i 

0 . 1 7 4 [ - 0 6 

0 . 4 9 Cl E - U 6  

J . 3 2 2 E.- 0 6  

c . 1 8 ;: i: - J 6 

c . 2 1 4 :- r:-;1 

J • 1 ll9 :: - J 7 
LJ .  'Pf 5  E- J 7  
D . 2 � 8 (- J7 
G . 4 7 7 [ - J 7  

� . 1 69 £ - u c  
u . 1 3 2 �- J & 
0 . 1 3 5  E- '1 6  

u . 1 9 2 €- ·J 6  



Table 3 3 .  One-Hour Frequency Distr ibution )(/Q Values for the 
WIPP Site (Continued) 

0 OWN W IN D D I S T AN C E �l l " U "  S P C T 5 0  P CT 

S E CT OR C M E J E R S J  CH I /O CH I /O CH I /O 
f S E C  P ER CUB I C  HET ER t 

S S W  7 2 1f 2 0  0 • 23 tr [ - 0 &f o . 5 3 2 f- o 5  0 . 1  8 2 E- O b  

S W  7 2 11 2 0  0 . 23 &t E - 0 4  0 . 5 0 IJ E - 0 5  0 . 2 2 1 E- 0 6 

W S W  7 2 't 2 0 0 • 23 It E - O lf  O . &t 6 a E - O S  O • 9  6 1  E - 07 

.. 7 2 1f 2 0  o . 23 1t E- a q  O e 3 8 0 E- 05 O e l 3 2 E - 0 6  

WN W 7 2 1f 2 0  o . 23 4 E - 0 4  0 . 69 1 E- 0 5 o . 3 8 2 E- 0 6 

N W  7 2 1f 2 0  a . 23 ,.  E - n lf  O . lf 8 1 E- 0 5  O . 2  &f 3  E- 0 6  

� N W 7 2 1t 2 0  0 . 23 lf E - O &f  O e 3 2 1f E - 0 5 0 . 1 3 8 [- 0 6  

N 7 2 Cf 2 0 O e 23 'f E- O lf 0 . 3  8 4 E - 0 5  o . 1 9 2 E- 07 

"4 N E 7 2 '1 2 0 J .  23 " £- 0 '1  O . &f 2 7 E - 0 5 - U . 9 9 9 E  1 0  
N E  7 2 1f 2 ·J o . 2 3 4 E- 0 4 J . &t 2 3 E- u 5 O . 3  2 8  E- 07 

EN E 7 2 Cf 2 0 0 e 2 3 At E - 0 4  0 . 4 1 7 t- 0 5  O . 2 1 3  E - 0 7  

£ 7 2 't 2 ()  0 . 2 3 4 f- O &f 0 . 3 6  &f E- 0 5  O . 3  5 3 E- 07 

E S E  7 2 &f Z O  O e l 7 b E- O lf 0 . 3 8 7 E - 0 5  0 . 1  25 E - O b  

S E  7 2 &f 2 Q J . 23 q �- oq o . 3 9 0 �- o s  a . 1  0 1  �- 0 6  

S S E  7 2 &f 2 0 0 e 23 at E- O lt 0 e lf 2  OE- 0 5  0 . 1  3 5  E- O b  

s 7 2 't 2 3 a . 23 4 £- 0 ll 0 . 37 6 E - 0 5  &J e l lfS E - 0 6  

AL L O e 23 &f E- 0 4 0 e 'fS 3 E - 0 5 0 . 1  &t &f E- 0 6 
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Appendix I 

COR R ESPONDENCE ON ARCHAEOLOGY, 
H ISTO R I C  SITES, P R I M E  FARM LAND, 

AND ENDAN G E R ED SPECI ES 





Append ix I 

CORRESPONDENCE ON ARCHAEI>LOGY, HI STORIC S ITES , PRIME FARMLAND , 
AND mDANGERED SPEX:IES 

The preparation of th is environmental impact statement has requi red con
sul ta tion with government agenc ies about the archaeolog ical , histor ic , and 
agr icultural values of the land in the area of the WIPP site and about the 
endangered spec ies of plants and animals that might be found there . This 
append ix contains copies of the official correspondence through which the 
consulta tion was carr ied ou t .  

From 

M. L .  Merr itt 
Sand ia Laborator ies 

Thomas w. Mer lan 
New Mexico State 

Histor ic Preservation 
Officer 

Coli n A. Heath , Manager 
DOE WIPP Program 

Wi lliam J .  Mur tagh 
Keeper of the National 

Reg ister 

Thomas w. Mer lan 
New Mexico State 

Histor ic Preservation 
Officer 

Wi lliam J .  Murtagh 
K eeper of the National 

Reg ister 

D.  T.  Schueler , Manager 
DOE WI PP Proj ect 

Thomas w. Mer lan 
New Mexico State 

H i stor ic Preser vation 
Off icer 

To 

Thomas w. Mer lan 
New Mexico State Histor ic 

Preservation Officer 

M. L. Merr itt 
Sandia Laborator ies 

Wi lliam J. Murtagh 
Keeper of the Nat ional 

Reg ister 

Thoma s w. Mer lan 
New Mexico State Histor ic 

Preservat ion Officer 

Wi lliam J.  Murtagh 
K eeper of the National 

Reg ister 

Colin A .  Heath , Manager 
DOE WIPP Program 

Thomas w. Mer lan 
New Mexico State H istor ic 

Preservation Officer 

D. T .  Schueler , Manager 
DOE WIPP Proj ec t  

I-1 

Date 

November 15 , 1976 

February 16 , 1977 

No date 

No date 

Apr il 28 , 1978 

No date 

November 8 ,  197 8  

November 30 , 1979 



From 

D .  T .  Schueler , Manager 
DOE WIPP Project 

Thomas w .  Mer lan 
New Mexico State Hi stor ic 

Preser vation Off icer 

Thomas w. Mer lan 
New Mexico State H istor ic 

Preser vation Off icer 

D .  T. Schue ler , Manager 
DOE WI PP Proj ect 

M. L .  Mer r itt 
Sandia Laborator ies 

Alber t w.  Hame lstrom 
State Conser vation ist 
u . s .  Depar tment of 

Agr iculture 

D .  T .  Schue ler , Manager 
DOE WI PP Proj ect 

Jer ry L .  Stegman 
Acting Reg ional Director 
Endangered Spec ies Office 
U . S .  Fish and Wildlife 

Serv ice 

Harold F .  Olson , Director 
New Mexico Department of 

Game and Fish 

To 

Thomas W .  Merlan 
New Mexico State Histor ic 

Preservation Off icer 

D .  T .  Schueler , Manager 
DOE WIPP Proj ect 

D. T .  Schueler , Manager 
DOE WIPP Proj ect 

Louis s .  Wall , Ch ief 
Western Division of 

Proj ec t  Review 
Advisory Counc il on 

Histor ic Preservation 

Alber t w. Hamelstrom 
S tate Conservationi st 
U . S .  Depar tment of 

Agr iculture 

M. L .  Mer r itt 
Sandia Laborator ies 

w. o. Nelson , Jr . 
Reg ional Director 
Endangered Spec ies Off ice 
U . S .  Fish and Wildl ife 

Serv ice 

D .  T .  Schueler , Manager 
DOE WIPP Project 

D .  T .  Schueler , Manager 
DOE WIPP Proj ect 

I-2 · 

Date 

March 2 1 ,  1980 

Apr il 10 , 1980 

May 8 ,  1980  

May 20 , 1980 

November 3 ,  1976 

November 11 , 1976 

October 17 , 1979 

November 15 , 1979 

Apr il 7 ,  1980  



Mr . Thoma s W .  Merlan 
S ta te His toric Pre s e rva t i on O fficer 
S t a t e  Plann ing O ffic e  
5 0 5  Don Gaspar 
Santa Fe , New Mexico 8 7 5 0 3  

Dear S i r :  

Sa� • ..Jia Laboratories 
AlbuquerQYe, New_ Mex ico 87 1 1 5  

Novemb e r  15 , 19 7 6  

I am work ing on the environmenta l a s s e s smen t for the pro
pos ed Wa s te I s o la t ion Pilot Plant ea s t  of Car lsbad . It ha s 
c ome to my a t tent ion that we need a de termina tion from you 
as S ta te His t oric Pres erva t ion O fficer on the exi s tence of 
any cul tura l re s ourc e s  tha t ma y exi s t  on or nea r the pro 
p os e d  proj ec t ,  and tha t the proj ec t may impac t ,  and in 
particu lar we need to know ab out the ex is tence of any s it e s  
on the S t a t e  Reg i s ter o r  b e ing c ons idered f o r  the reg is ter 
on or near our locat ion . 

I enc l o s e  a xerox c opy o f  the report on the archa e o l og ic a l  
survey of t h e  c entra l four s ec t ions of the a rea under c on
s idera t i on ,  made b y  the Agency of Cons ervat ion �rcha e o l ogy , 
Ea s t ern New Mexic o Univers i ty ( ENMU) , and w i l l  s end you a 
c opy o f  the forma l report when i t  is printed . We have n o t  
ye t ha d a n  archaeo l ogic a l  survey made o f  the nec e s sa ry righ t s  
o f  way , b u t  int end to have one ma de in the nea r futur e . 

I a l s o  enc l o s e  two map s  of the area , show ing the propos ed 
withdrawa l area for the proj ec t s  and the righ t s  of way tha t 
will be requ ired for highway , rai lroad , and e l ec tric power 
line acc e s s  ( o ther u t i l i ties wi l l  b e  routed over one or the 
o ther of the s e  righ ts of way ) . I shou ld add th at mo s t  of 
the 28 s qua re mi les of wi thdrawa l a rea is to be u s ed mere ly 
as a buffer z one w i th no change in sur face use . On ly in the 
cen tra l three s qua re mi les ( inc luded w i th in the four s quare 
mile s o f  the ENMU s urvey ) w i l l  there be mining , and a l l  
surfac e fac i l ities w i l l  b e  in a 100 -ac re p l o t  on the edge 
of this core area . 

MI.M :  1 15 1 :  vf 
Enc l osure 
Copy to : 
ALO w .  P .  Arms trong , wo / enc . 

I- 3 

ALO 
1 140 

��rt. 
M .  L .  Merri t t ,  Supv . 
Environment a l  As s e s sment 
Divis ion --1 15 1 

J .  D .  Shaykin , wo /enc . 
w .  D .  Wea r t , wo /enc . 



STATE OF NEW MEXICO ��Uah • 
STATE P LA N N I N G O F F I C E  

GRACIELA !GRACEl OLIVAREZ 
STATE PLANNING OFFICER 

GREER BUILDING 

505 DON GASPER 

SANTA FE. 87503 

!5051 827-2073 

F e b r u a r y  1 6 ,  1 9 7 7  

Mr . M . L .  Merr i t t , Superv i s o r 
Env i r o nmen t a l  As s e s smen t D iv i s i o n ,  1 1 1 5  
Sand ia L a b o r a t o r i e s  
A l b u quer que , New Mexic o 8 7 1 1 5  

D ear Mr . Mer r i t t : 

JERRY APODACA 
GOVERNOR 

Wit h r e f er en c e  t o  your r e qu e s t  f or c o mmen t s  o n  c u l t ur a l  
r e so ur c e s  wh i c h  ma y b e  a f f ec t ed b y  t h e  p r o p o s ed Wa s t e  I s o l a t ion  
P il o t P l a n t  east  of  C a r l sbad  t h e  r ep o r t : An  Ar c ha eo l o gic a l  
Reco nna i s �anc e o f  Sand ia L ab o r a t o r ie s ' Lo s Medano s Nu c l ea r  
Wa s t e  D i spo sal Facilit y , Eddy Co unty ,  N&w Mex i c o  b y  J e f f r ey 
N i el s en h a s  b e en r ev i ewed b y  t h i s  o f f ic e .  

T h e  r e c o mmend a t i o n s  fo r mi t i ga t io n  o f  adve r s e  e f f e c t s  on  
c ul t ur a l  r e s o ur c e s  l o c a t ed b y  t h i s  survey should  be  f o l l owed 
and avo i d an c e  of  s i t e s  a c c o mp l i s hed when ever po s s ib l e . S i t e s  
wh i c h  c a nno t b e  avo ided  s ho u l d  b e  excava t e d o r  t e s t ed a s  
ind i c a t ed i n  t h e s e  r e c ommend a t io n s  b e fo r e  c l ear a n c e  c an b e  
grant ed . Tho s e  r i ght s o f  wa y whic h have no t y e t  b e en surveyed  
s ho u l d  be  s urveyed as  soon  as  po s s ib l e  so t h a t  r e c ommenda t io n s 
f o r  t he mit i g a t i o n  o f  a dver s e  e f f ec t s  o n  any r e s our c e s  l o c a t ed 
w i t h in t h e s e  ar eas  ma y b e  i n c l u d e d  in t h e  o ve r a l l mi t i ga t io n  
p r o p o sa l . 

S ever a l  o f  t he s i t e s  l o c a t ed b y  t he s ur v ey ma y meet  t he 
c r i t er ia f o r  el i g ib il i t y f o r  nomina t io n t o  t h e  Nat ional  
Re g i s t er of  H i s t o r ic P l a c e s . However , t h e r e  ar e c u r r ent l y  
no  s i t e s  lo c a t e d w i t h in t h e  2 8  s q u a r e  m i l e w i t hd r awa l wh i c h  
ar e en t er ed i n  e i t h e r  t h e  Nat ional  Re g i s t e r  o r  t h e  S t a t e  
R e g i s t er o f  C u l t ur a l  Pro p er t i e s . 

Shoul d you  hav e  any f ur t her qu e s t i o n s  r e g a r d ing t h i s  
ma t t er ,  p l e a s e  d o  no t h e s i t a t e  t o  c o n t a c t  t h i s  o f f  ic e .  

TWM : j f I-4 

S in c e r e l y , 

T homa s  W .  M e r l a n  
S t a t e  Hi s t o r ic 
P r e s erva t i o n  O f f i c e r  



Department of Energy 
Washington ,  D.C. 20545 

D r . Wi l l i am Mur t a gh 
Ke epe r o f  the Na t i on a l  Re g i s ter 
He r i t a g

·
e ,  C on s e rva t i on and Rec re a t ion Se rv i c e  

U .  S .  De p a r tmen t of the In te r ior 
Wa shin g t on , D .  C .  2 02 4 0  

De a r  Dr . Mu r t agh : 

You r op in i on re s pe c t ing the e l ig ib i l i ty o f  c e r ta in s i te s  a s s oc i a te d  
w i th t h e  p r o p o s e d  Wa s te I s o l a t io n  P i l o t  P l an t (WIPP ) ,  f o r  inc l u s ion 
in the Na t i on a l Re g i s te r ,  is he reby requ e s te d  un d e r  the p r ov i s i on s  
o f  3 6  CFR 8 0 0 . 4 (a ) (2 ) . 

The Dep a r tmen t o f  E n e rgy (DOE ) h a s  been inve s t i g a t in g  a s i te in s ou th 
e a s te r n  New Mex i c o  f o r  a d e e p  ge o l og i c a l  repos i t o ry . DOE w i l l  s e e k  
c on gre s s i on a l  a u th or i z a t i on for the WIP P and le g i s l a t i ve a c t i on t o  
acqu i re l an d  and r igh t s - o f -way n e e d e d . The WIPP wi l l  be l ic e n s e d  by 
the Nuc l e a r  Regu l a tory C omm i s s ion . 

The WIPP w i l l  b e  u s e d  for the d em on s tr a t i on o f  s a fe pe rmanen t d i s p o s a l  
of t r a n s u r an ic wa s te s  p r oduc e d  a s  a re s u l t  o f  the Un i te d  S t a te s  d e fen se 
p r o gr am . The WIPP wi l l  a l s o  be u s e d  for expe r imen t s  re l a te d  to the 
pe rmane n t  d i sp o s a l  o f  s o l id i f ie d  h igh leve l r a d ioac t ive wa s te s . 

The WIP P  p l an s c a l l  for the u s e  o f  17 , 2 00 a c re s  o f  Fede r a l  land and 
1 7 6 0  a c re s  of S t a te l and for the s i te (and 6 9 1  ac re s for r igh t s - o f -
way) . C on s truc t ion wou ld remove 4 8 7  a c re s  o f  land f r om  g r a z ing tempo
r a r i ly and 4 4 8  a c 1· e s  for an ex tend e d  p e r iod o f  t i.me .  Sur f a c e  f a c i l i t ie s  
f o r  r a d i o a c t ive w a s te h an d l in g  w i l l  requ ire abou t 1 0 0  a c re s above ground . 
Th e r e  w i l l  a l s o  b e  e x tens ive uP <l e r g r ound h a nd l ing and s t o r a ge f a c i l i t i e s  
i n  the s a l t  fonna t i on a t  the WI PP s i te ,  

Mr . Th om a s  W .  Me r l an , S t a te H i s toric P r e s e rv a t i on O f f ic e r ,  S t a te o f  New 
Me x ic o ,  S t a te P l ann fo g  O f f ic e ,  G r e e r  Bu i ld in g , 5 05 Don G a s p ar , San te Fe , 
New Mex i c o ,  8 7 5 0 3 , c an be c on t a c ted f o r  de t a i l s c on c e rn in g  the rev iew 
p e r fonned by the S t a te o f  New Me x i c o ,  T .  Me r l a n  s ta te d , in a le t te r  to 
M. Me rr i t t ,  S and i a  Labora tor i e s , on February 1 6 ,  1 97 7 - "Seve r a l o f  the 
s i te s  l oc a te d  by the survey m a y  mee t the c r i te r ia for e l ig ib i l i ty f o r  
n an in a t i on to the Na t i on a l Re g i s t e r  o f  H i s t o r ic P la c e s . Howeve r ,  the re 
a re c u rren t ly no s i te s l oc a te d  wi th in the 28 squ a re m i le w i thdr ;iwa l 
wh ich are en te r e d  in e i the r the Na t i on a l Re g i s t e r  or the S ta te R£> g i s te r  
o f  Cu l tura l P r ope r t ie s . "  
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Dr . Wi l l i am Mur tagh - 2 -

Repor t SAND7 7 - 7024 , "An Archaeo logic a l  Rec onn a is s ance of a P rop osed S i te 
for the Wa s te Isolation P i lot P lan t (WIPP ) , 1 1 Oc tobe r 1 97 7 ,  by Je ffrey 
Niel sen , Agency of  C onservat ion Archae ology , E a s tern New Mex ic o Unive r s i ty ,  
Porta le s , New Mexic o ,  is enc losed for your use . 

Your op in ion concerning the e l igib i l ity of the s i te s assoc ia ted with the 
'WIPP wi l l  be inc luded in the Dr a f t  Environmenta l Impac t S ta temen t now be ing 
p repared by DOE for is suance in Oc tobe r 1 9 7 8 .  If the re are any que st ions , 
we wou ld be p leased to re spond . 

Enc losure : 
Rep ort SAND7 7 - 7 024 

cc w/o enc l :  
T .  W .  Me r lan , State His toric 

P reserva tion Officer , NM 

;;i:·A �(J_ 
Colin A .  He a th 
WIPP Pr ogram Manager 
D iv is i on o f  Wa s te Managemen t 
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IN UPLY J�U£11. TO: 
B32-E80 

United States Department of the Interior 
N�TI���.J>-".�K. ���! QF., 
� ASrilJIJttMNJ O.d.'!1 �.!«II 

Mr . Thomas W. Me r l an , SHPO 
State Plannin g Of fice 
Santa Fe , New Mexico 87503 

Dea r  S t a t e  His toric P reservat ion Officer : 

As you wil l  no te from the enc losed let ter , we have received a �eque s t  
for a d e t e rmina t ion o f  eligibility for inc lu sion i n  t h e  Na t ional Re gis t e r , ' 
pursuant to Execut ive Order 1 1 5 9 3  o r  lhe Nat iona l Hi s toric Preserva t ion 
Act of 1966 , as amended ,  as impl ement e d  by the proc edures of the Advisory 
Council on His toric Preserva t ion (36 CFR 800) . 
Since det e rmina t ions of eligibility a re made in con s u l t a t ion wit h  the 
State His t o ric Pres erva t ion Of f i cer , we wo u l d  appreciate rec e ivin g your 
opinion on t he e ligibility of the property ( s )  which appear in the enc lo�ed 
material a long with any doc umenta t ion whi ch you have on i t  and i t s  signif i
cance wit hin three weeks of receipt o f  thi s  l e t t e r . Cop ies of d ocumenta tion 
submi t ted wi th the re ques t ( s )  are enclo se d  f o r  your review , a s  appropria t e . 

We look f o rward to hearing f rom you in the near . futureA Plea s e  do no t 
hesitate t o  cons ult the Nat ional Reg i s t e r  s ta f f  i f  you have any que s t ions 
concern ing this property . 

We apprec ia t e  your a s s i s tance in this ma tt e r . 

Enclo s ure (s )  
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cc : Mr . Colin A .  Hea t h  
WIPP Program ��n a ce r  
Divi s ion o f  Wt R t e  Mana gement 
Department o f  Jne rgy 
Washington , D J : .  2054 5 

Mr .  Gre gory J .  Cavanaugh , Dire c t o r  
Divis ion o f  Re 1 l  Estate and Fac i l i t ie s  Management 
Depar tment of Ene r gy 
Wash ington , D . C .  20545 
At tn : ,Mr . Wi ll iam R .  Cochran 

Advisory Council on His toric Preservat ion 
Denver Office 
Box 25085 
Denver , Co lorado 80225 
Attn : Louis Wal l  
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Or . Wi l l i am J .  Murtagh 
Keeper of the Nati ona l  Reg i s te r 
Nati ona l  Park Serv i ce 
1 1 00 L Stree t ,  N . W .  - Room 3209 
Wash i ngton , D . C .  20005 

Dear D r .  Murtagh : 

Apri 1 28 , 1 978 

Thi s offi ce has  been requ ested by the Department of Ene rgy to p rovi de 
an opi n i on on the e l i g i b i l i ty for nomi nati on to the Nati ona l  Reg i s ter of 
Hi stori c P l a ces of several archaeol og i ca l  s i tes l ocated i n  sou theas tern 
New Mex i co .  

The s i tes i n  questi on we re l oca ted by an a rchaeol og i ca l  su rvey of a 
fou r se cti on area  and re l a ted ri gh t-of-way wh i ch con sti tutes the core area 
of  the proposed vJa ste I s ol ati on P i l ot P l ant project . I nformat i on on the 
s urvey area , s u rvey tech n i ques , and des cri pt i ons  of the i nd i v i dual  s i tes 
i s  i nc l u ded i n  the report enti tl ed An Archaeol o i cal  Re connai ssan ce of a 
Pro osed S i te fro the vJaste I s ol ati on P i l ot P l ant �J I P P  .By Jeffrey N i e l s e n , 
Agen cy of Conservati on Archaeo l ogy , Eas tern New Mexi co Un i versi ty ,  J u ly ,  1 9 76 . 

Al l of the 33 s i tes l o cated by th i s  s u rvey appea r ,  on the bas i s  of 
survey data , to be as soci ated cu l tu ra l ly  and temporal ly , and rel ated to a 
speci.fi c economi c acti v i ty .  The archaeol ogi cal i nvesti gati on o f  th i s  
group of s i tes i s  i n  our opi n i on l i ke ly to yi e l d  s i g ni fi cant i nformat i on 
on the preh i stori c occupati on and ut i l i zati on of the Los Med anos reg i on .  
Some theoreti cdl  cons i derat i on s  for such  a study are outl i ned i n  the above 
referenced reoort . 

Therefore , we bel i eve that the 33  s i tes be cause of the i r  re l a ti on sh i p ,  
a re  con tri buti ng el ements of an archoeol og i c�l n i stri ct meeti ng  the cri teri a 
of el i g i bi l i ty for nomi nati on to the Nat i ona l  Regi ster . Th e s i gn i fi cance of 
the i nformati on whi ch can be obta i ned throuoh  the s ci enti fi c i nvesti gati on 
of these s i tes becomes even more important i n  v i ew of the so far poor ly 
defi ned pre h i s tory of th i s  area . 

The boundari es of the archaeol og i cal  d i s tri ct car. b� arb i trari ly defi ned  
a s  the  approx imatel y 2 , 600 acre , fou r secti on , core a rea and ri ght-of-way 
covered by the arch aeol og i ca l  s u rvey . I nd i cat i ons from s u bsequent archaeol og i 
ca l surveys of dri l l  pad , access  roads , and test  p l ots a re th at s i mi l a r  
a rchaeol og i ca l  s i tes can be expexted to occur throughou t  the 1 8 , 960 acre 
wi th drawa l a rea . 
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Mr . W i  1 1  i am J .  Mu rtagh 
Apri l 28 , 1 97 8  
Page 2 

Shou l d  you h ave any questi on s regard i ng ou r op1 n 1 on regard i ng the 
� i gn i fi cance of these archaeol ogi cal s i tes , do not he s i tate to contact 
th i s  offi ce . 

TWM : j f  

cc : Smokey O ' Connor 
Col i n  A. Heath 

I-10 

Si n cere l y ,  

� u.J � 
Thomas W .  Me rl an 
State H i s tori c P reservati on Offi cer 



United States Department of the Interior 
HERITl\GE. CO�SEIW,\TION !\ND REC'l� El\TION SE.IWICE. 

I N  R EPL.V R E l" � R  T O :  
B32-NR 

Mr .  Col:U1 A .  Beath 
WIPP Program Manager 
Division of Waste Management 
Dep3rtment of Energy 
WaahiDgt on ,  D . C .  2 0545 

Dear Mr . Buth : 

WASHINGTO� . D. C .  20240 

Thank you for your l e t t e r  reque s t ing 1. determinr.t ion of eligib i l i t y  
f o r  incl us ion in t h e  �a t ional Regi � t er pursu�nt t o  Execut ive Ord e r  
115 9 3  o r t h e  Na tiou�l Eis t o r i c  Pr� � e rvat ion Ac t o f  1 9 6 6 , a s  amend ed . 
Our d e t ermin a t ion a p p e a r s  on the en c l o s e d  ma t�r i a l .  

A s  you und e1·s t and , your Tcquest for our pro f e s s ional j udg�cnt cor. s t i
tu t e s  a part o f  t h e  Federal  p lanning p r o c e s s . We urge t hat t h is 
informat ion b e  i n t e gr:: t e d  i n t o  the ?�a t i ona l Envir oni:lental Pcl i c y  Act 
aDalys i s  in order t o  h r i � �  �hou t th�  bc � t  r o � � i�le prcgrcn d e e : : ::� : . 
This d e t ennina t i on d o c: s  n o t  s e rv e in any !!lanner a s  a v e t o  t o  u s e s  c ::: 
prope r t y , \ d t h  or w:i. t ho'Jt Fe c:! � r a l  pa r t i c ipat ion or a s sist an c e . !.11y 
dec is io n on t he p ro pe r t y in q u� s t i on and t h ::  r e s p on s ib i l i t y  f o r  
progra� p l anning conc erning s u c h  p rope r t i e s  l i e  �j t h  the agen c y  0 r  
block gr An t r e c i p i e n t  a f t e r  t h e  Advis ory Coun c i l  o n  His t or i c  ? re s c r· ·  
vet ion h a s  had an O fi p or t uni t y t o  cor.u:i.:n t . 

We are p l eas ed t o  be of n s s i s t ance in the con s ide ra t ion o f  h i s t o r i c  
res our c e s i n  t h e  planning p roc e s s . 

Enclosu re 
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DETERM!NATION OF EL!CI BILI'I'Y 
NOTIFICATIO:i DISTRIBUTI O:� 

.!c: State His toric Preservation Officer :  Mr . Thomas W .  Merlan , New Mexico 

Federal Rep res e� tative : Mr .  Gregory J .  Cavanaugh 

Bureau Liasc>n : 

Advisory Coun c i  on His toric Pres ervation : Denver 

Mr. George Shenvood 
Acting Chief 
Epviromnental :3afety 

& Effects Division 
Reactor , Resea:ch and Techno;J..ogy 
US . Department of Energy 
Washington , D . C .  20545 
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E .0.11593 
D E T E R M I NAT I O N  O F  E L I G I B I L I T Y  N O T I F I C A T I O N  

NAT I O N A L  R E G I S T E R  O F  H I S T O R I C  P L A C E S  

O F F I C E O F  A R C H E O L O G Y  A N D  H I ST O R I C  P R E S E R VAT I O N  

HER I TAG E CONSERVAT I ON AND R ECREAT I ON S ERVI C E  
Re q u e s t s u b m i t t e d  b y : .......:.D�O�E��-C�o�l�i�n;...:.:.A�. �H�e�a�t h:;_ ____ �������--���--�--� 

D a t e  r e q u e s t r e c e i v e d :  2/24/78 addit i o nal informat ioo received 5/5/78 
N a m e  of p r o p e r ty :  Ar cheological S i t e s , Was t e  Isolation P i lot Plant S t a t e : Ne\o.' Mexico 

L o c a t i o n : S . E .  of C arlsbad , Kew Mexi c o  __::..._....;_ __ ��----------------�----�----�--�--�-

O p i n i o n o f  t h e  S t a t e  l ' i s t o r i c P r e s e r v a t i o n O f f i c e r :  

( � E l i g i b l e  ( ) N o t  e l i g i b l e  ( ) N o  r e s p o n s e  

C o mm e n t s  : "All of the 3 3  s i t e s  located by t h i s  survey app ear , on the basis of 
survey data , to be associa t ed cultur ally and t emporally , and related 
to a specific economic a c t ivity . . .  (and a r e )  likely to yielc s ignifi
cant inforII:at ion on the p r eh i s t or ic oc cupat i on and u t ilization of the Lo s 
Med anoi: regi :::::. • . .  -we b e lieve ths.t the 33 .s ! t e s , be cause of t�iei :i.: 
relat ionship , are contributing elements o.f an archaeolo g ical d is trict . • •  " 

T h e  S e c r e t a ry o f  t h e  I n t e r i o r  h a s  d e t e r m i n e d  t h a t  t h i s p r o p e r ty i s :  

( x }  E l i g i b l e  

Co m m e n t s : 

A p p l i c a b l e c r i t e r i a :  D 

.S6 CFR ?art 63.3 Determmation 
l ) N o t  e l i g i b l e  

Co mme n t s : 

( ) D o c u m e n t a t i o n  i n s u f f i c i e n t  ( s e e  a c c o mp a ny i n g  s h e e t  e x p l a i n i n g 

a d d i t i o n a l  ma t e r i a l s  r e q u i re d }  

'W1 1 1 18lD J .  lfurtagh ( Sgd . )  
Keepe r  of  t h e  Na t i onal Register 

D a te : __ M_A_Y_2_4_m_� __ _ 
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• 
Department of Energy 
Al buquerque Operations Office 
P.O. Box 5400 
Al buquerque, New Mexico 871 1 5  

Mr . Thomas W .  Me rl an 
Sta te H i s tori c Prese rvation Offi cer 
State Pl an n i ng Offi ce 
San ta Fe , New Mexi co 87503 

Dear  Mr. Me rl an : 

NOV  8 1979 

The Depa rtment of Ene rgy ( DOE )  is submi tti ng  th i s  l e tte r to appra i s e  you 
of  our i n tenti on to cons truct s i te ve ri fi cati on  shafts and an unde rground 
( i n -s i tu )  experimentation fa ci l i ty at  the s i te proposed for the Was te 
I so l ation  Pi l o t  P l ant ( W I PP )  nea r Ca rl sbad ( Fi gure 1 ) . Th i s  con s tructi on 
program , here i n  referred to as the SPDV ( S i te Pre l i mi n a ry Des i gn Ve ri fi ca
ti on ) , i s  an  extens i on of  the earl i e r  s i te characte ri za ti on prog ram and 
is i n tended to provi de the addi ti ona l data necessary before a fi nal  s i te 
commi tment can be made . We reques t  your concurrence i n  de te rmi nati on o f  
effect for archaeol ogi cal s i tes affecte d  by the SPDV . The l ocati ons of  
the sha fts and attendant faci l i ti e s  are i ndi cated on the encl osed Fi gure 2 .  
The access  road to the s i te was p revi ous ly  cons tructe d  for boreho le  dri l l 
i n g  ( E RDA-9 ) .  

Th ree major archaeol o gi cal s urveys have been conducted by the Agency for 
Conservati on Archaeol ogy o f  Easte rn New Mexi co Un i ve rs i ty on the enti re 
proposed W I P P  s i te :  

1 J .  N ie l son conducte d  a reconnai s sance of the core area 
( Secti ons 20 , 2 1 , 29 , and 28) and ten tati ve ri gh ts-of-way 
i n  1976 . 

1 S .  C .  Scherme r con ducte d  a survey of 27 mi l e s of  sei smi c 
su rvey l i nes i n  1978 . 

• R .  B .  Macl ennan and S .  C .  Sche nner conducte d  a s u rvey of 
proposed access  roads and  ra i l roa d  ri gh ts-of-way i n  1979 . 

The fi rs t repo rt was fo rwa rded to you on Novembe r 15 , 1976 . The l a tter 
two are encl ose d .  I n  addi ti on , a rchaeol ogi cal surveys have been conducte d  
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Mr . Thoma s W .  Merl an -2-

for each of the borehol e  dri l l i ng pad s and access road s constructed as 
part of the overal l W I PP Proj ect . 

Al l archaeol og i ca l  s i tes d i scovered i n  the s i te area during these sur
veys are i nd i cated on Fi gure 2.  Tabl e l su1Ttnari zes s i te descri pti ons and 
recorrmended mi ti gati on measures for those s i tes whi ch wi l l  be affected or 
poss i bl y  affected by con structi on of the SPDV . 

Pri or to the start of con structi on of the SPDV faci l i t ies , a l l s i tes 
affected by constructi on and " borderl i ne "  si tes wi l l  be accuratel y mapped 
by a fi e l d  surveyi ng crew . Fences wi l l  then be constructed around each 
of the archaeol og i ca l  s i tes . DOE and i ts contractors wi l l  suppl y the 
needed support to the State H i stor i c  Preservati on Offi cer and/or hi s 
des i gnees to a l l ow proper removal of arti facts from al l affected s i tes . 
We bel i eve the se mi ti gati on measures wi l l  preserve the archaeol og i cal  
resources present , yet a l l ow constructi on of the  SPDV faci l i ti e s  to 
proceed . 

I n  prev i ous  correspondence wi th Dr . Wi l l i am Murtag h ,  Keeper of the 
Nati onal Reg i ster ,  and yourse l f ,  on May 24 , 1978 , the 33 s i tes  l ocated i n  
the 1976 N i e l son survey were determi ned el i g i bl e  for nomi nat ion to the 
Nati onal Reg i ster of H i stor i c  Pl aces under appl i cabl e Cri teri on D of 36 
CFR Part 63 . 3 . DOE pl ans  to conduct further archaeol og i ca l  s urveys as soon 
as practi cabl e i ncl udi ng sampl e surveys throug hout the rema i n i ng outer 
Contro l Zones of the s i te .  Upon compl eti on of those surveys and pri or 
to con structi on of the fu l l W I PP repos i tory , DOE wi l l  consu l t wi th you 
to compl y wi th the requ i rements of  Section 106 of the Nati onal H i stori c 
Preservati on Act a s  deta i l ed i n  regul ati ons  deta i l ed i n  the January 3 0 ,  1979 
Federa l Regi ster ( T i tl e  36 , Chapter V I I I ,  Part 800) to i dent i fy any add i t i onal 
el igi bl e propert i es , request a determi nati on of effect and i mpl ement a 
consu l tati on process to mi ti gate or mi n i mi ze any adverse effects from fu l l  
repos i tory constructi on . 

We request your formal comments on our proposed p l an for the SPDV program 
wi th regard to archaeol ogi cal resources and the mi ti gation of any adverse 
impacts . A respon se by December 1 4 ,  1979 wou l d  be apprec i a ted . 

I f  you req u i re further i nformation  or c l ari fi cat ion , pl ease contact Mr . 
J . M . McGough of my staff ( 505-766-3884 } .  

S i ncerel y ,  

W I P : JMM( 2570}  

Encl osure� 

I-15 



STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION BRUCE KING 

IDISHlA 
505 DON GASPAR AVENUE 

ANITA HrseNBER6 
DIRECTOR 

SANTA FE. NEW MEXICO 87503 
l505l 827-2073 
l505l 827-5191  

Dr. D . T .  Schue l e r ,  Project Manager 
W I P P  Project Offi ce 
Department of Energy 
Pos t  Offi ce Box 5400 
Al buquerque , New Mex i co 871 1 5  
Dea r Dr.  Schue l e r :  

827-2108 

November 30 , 1979 

Your propo s a l  for the m i t i ga t i o n  of adverse effects res u l t i n g  from constructi on o f  
S i te Pre l i m i nary Des i gn Veri fi cation fac i l i ti es a t  the Was te I so l a t i on P i l ot P l ant 
has been revi ewed by t h i s  offi c e .  

W e  concur w i th you� determi nat i o n  t h a t  s evera l s i g n i fi cant archeo l o g i c a l  resources 
wi l l  be affected by construct i o n  of the SPDV fac i l i ti es ,  that these effects have 
been i denti fied a s  be i ng adverse ,  and that mea sures wi l l  be req u i red to m i t i gate 
adverse effects . 

We a l so concur wi th the procedures you propose to accompl i s h the requ i red mi t i ga
t i o n  wi th the understa n d i ng that s evera l add i t i onal s teps are to be accomp l i shed 
before the m i t i ga t i on proposal  i s  s u bmi tted to the Adv i sory Counci l .  These i ncl ude : 

1 .  Accurate mappi ng of the s i te l ocat i on s  i n  rel ati on to the SPDV fac i l i t i es .  

2 .  S i te s pec i f i c  detenni nat i o n  of effect and proposed mi t i ga t i on procedure . 
( protec t i o n  and avoi dance or data recovery . ) 

3 .  Prepa ra t i on o f  a s ta temen t  of probl em o r i en ta t i o n  and research des i g n  for 
the data recovery program for those s i tes wh i ch cannot be a vo i ded . 

Upon s ubmi s s i on of the deta i l ed m i t i ga t i on p l an , we are prepared to request a 
determi na t i on o f  no a dverse effect thru s a t i s factory m i t i ga t i on . 

We wi l l  be l oo k i n g  forward to recei vi ng your compl eted m i t i ga t i o n  propos a l . I f  
you have a ny ques t i o n s  rega rdi ng our rec01T111endat i o n s  d o  not hes i tate t o  contact 
u s . 

S i ncerely , 

f/:=W.� S ta te H i s tori c  Preserva t i on Offi cer 
Hi s to r i c  Preserva ti on Bureau 

TWM : DER : dg 
cc : Jack Mob l ey I-16 



• 
Department of Energy 
Albuq uerque Operat ions Off ice 
P.O. Box 5400 
Albuq uerque,  New Mexico 87 1 1 5  

Mr . Thomas Me rl an 
S ta te H i s tori c Preserva ti on Offi cer 
S tate P l ann i n g Offi ce 
San ta Fe , NM 87503 

Dear  Mr . Merl an : 

MAR 2 1  1980 

ARCHAEOLOGI CAL MI T I GAT I ON PLAN FO R S I TE & P REL IMI NARY DES I GN VAL I DAT I ON 
AT W I PP S ITE 

As reque s te d  by your l e tte r of November 30 , 1 979 , th e W I PP P roj ect  Offi ce has 
prepare d  a p l an to mi ti gate adverse  i mpacts to a rchaeol og i cal  resource s 
res ul ti n g  from S i te a nd Pre l i m i nary Des i gn Val i dati on ( SPDV)  acti vi t i es for 
th e Was te I s ol a ti on P i l ot P l ant  ( W I PP ) . Th i s  mi ti gati on p l an i s  based  on 
th e res u l ts of  a n  a rchaeol ogi ca · 1 s u rvey conducte d  by Mr . Scott Schermer of  
the Agency fo r Conservati on Archaeol ogy a t  Eas te rn New Mexi co Un i vers i ty .  
Th i s  s urvey covered  th e four  squa re mi l e  area s u rroundi ng  th e E RDA-9 dri l l -
ho l e a t  the W I PP  S i te .  

Subsequent to the s ubmi ttal of Mr . Scherme r 1 s  fi n d i ngs , DOE modi fi e d  SPDV 
s u rfa ce des i gn fea tu res s o  as to avoi d i mpacts to s ome of the a rch aeol og i cal 
s i tes . Fu rthe rmore , DOE pl ans to i mpose a dmi n i s tra ti ve con tro l s  a t  the 
s i te to l es s en the adve rse  i mpacts of  h uman p resence near a rch aeol o g i ca l  
resources . Arti fa cts wi l l  be col l ected  and  ana lyze d  a t  some s i tes  as wel l .  
De tai l s  a re g i ven i n  th e encl osed " P l an to Mi ti ga te E ffec ts on Archaeol ogi cal  
S i tes . "  

I ncl uded as  an append i x to th i s  repo rt i s  a copy of  Mr . Scherme r 1 s l e tter of 
Ma rch 3 ,  1 9 80 , i n  wh i ch he s ta tes h i s  concurrence wi th the DOE proposed 
mi ti gati ve a cti ons . Al so encl osed i s  one copy o f  the fi ndi n gs o f  Mr . Scherme r ' s 
s u rvey 11 A Re port on th e Arch aeol ogi ca l S i te Loca ti ons i n  th e W I PP  Core Area 
wi th Mi ti g a ti on Recommen dati ons . 11 

We request you r  rev i ew o f  the propos ed mi ti gati on p l an and a ccompany i n g  mate ri a l s 
to ensure ful l DOE compl i ance wi th th e requi rements of  Sec ti on 1 06 of  the Nati ona 
H i s to ri c P res ervuti on Act . We wi l l  con tact  you s oon to a rran ge a meeti ng  on 
the mi ti gati on p l an . 

W I P : JMM( 285 3 )  

See page 2 I-17 

S i ncerel� , �ORIG INP.l JG:; ::o Bt 
·o. T. sc;.: UELER/ 
D .  T .  Sch uel er  
Project Manaqer 



Mr .  Thomas Merl an  2 MAR ?. 1  

Encl osures : 
l .  SPDV Mi ti gati on P l a n  

·2 . Arch aeol og ica l  S i te Locati on s I n  t h e  W I PP Core Area wi th Mi ti gation  
Recorrmendations  

cc  w/encl # l 

cc wo/encl : 

only : �. McGough , DOE , W I PP 
J .  Gervers , Governor ' s Tas k  Force for W I P P ,  S F  
R .  Ne i l l , E EG , S F  

G .  Hohmann , Wes ti nghouse W I PP  

I-18 
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STATE OF NEW MEXICO 

BRUCE KtNG 
GOllEllNOR 

DEPARTMENT OF 
FINANCE AND ADMINISTRATION 

PLANNING DIVISION 505 DON GASPAR AVENUE 
ANn A HisENBERG 

O<RECTOR 

SANTA FE. NEW MEXICO 87502 
15051 827-2073 
15051 827-5 1 91 DAVID w. K1NG 

&ECAET�Y 

Dr .  O . T .  Schuel er  
Proj ect Mana9er 
Waste I so l a t i on P i l o t P l a nt 
Depa rtment o f  E nergy 
Po s t  Offi ce Box 5400 
Al buquerque , New Mex i co 87 1 1 5  

Dea r Dr .  Schuel e r :  

P.pri l 1 0 ,  1 980 

The P l a n  to M i ti a a te E ffects o n  Archeo l oai ca l  Resources ; S i te a nd Pre
l i mi nary Des i cr n V a l i da t i o n  ( SPDV ) , \�a s te I so l at i o n  P i l o t P l a n t , Eddy 
Cou n ty ,  New �ex i co by J . S .  Hart a nd L . M .  Brausch  ha s been rev i ewed by 
thi s offi ce . 

8 2 7 - 2 1 08 

I t  i s  o u r  op i n i o n  tha t procedu res o u tl i ned i n  t h e .pl a n  a re adeq u a te to 
mi ti q a te d i rect a nd i nd i rect adverse effec ts of the SPDV faci l i ty on 
s i g n i fi c a n t  c u l tural  resou rces . T h i s dete rrn i n a ti o n  i s  a p p l i cab l e o n l y  
t o  t h e  S P DV faci l i ty a s  presentl y des i g ned . A dec i s i o n  to pro ceed wi th 
fu l l  devel opment o f  W I PP wi l l  o f  course reou i re consi derati o n  o f  add i t i o n a l  
mi t i ga ti ve a c t i ons . 

We a l so be l i eve that  data reco very and a na l ys i s  orocedu res to be emp l oyed 
a t  those s i tes to be col l ected , tested , or  excavated a re a p pro o ri a te and  
wi l l  i ns u re the preservat i on of archeo l o9 i ca l  i nforma ti on conta i ned wi th i n  
s i tes wh i c h cannot be protected by o ther means . 

Scott C .  S c hermer ' s  A Report on the P.rcheol oa i ca l  S i te Loca t i ons  i n  the 
W I_PP Core Area_ vJ_i� Jlj_!j_9_a_t_i_9!1 Reco_mmen_ci�_t i ons  fo r Bec htel  Na t i o na l , I nc .  
was a l so rev i ev1ed wi th i n te res t .  The i nforma t i o n conta i ned i n  t h i s repo rt 
sat i sfi es certa i n i nade� u a c i es prev i o u s l y  noted i n  the a rcheol o g i cal  rro
� ram fo r W I P P . We a re p l eased wi th your efforts to i n s u re that  a rcheo l o 
g i cal  i nfo m a t i o n  i n  the 1n rP area i s  adeq u a tel y recorded a nd u nders tood . 

Sho u l d you have a ny que s t i o n s  regard i ng ou r conrnents on the SPDV mi ti q a t i o n  
p l a n ,  d o  no t hesi ta te to contact th i s offi ce . 

Si ncere l y ,  '-(?-IA UJ d.___ 
Thoma s W .  Merl a n  
Sta te Hi s tori c P reserva t i o n  Offi cer 
Hi s tori c P reservat i on B u reau 

TWM : DE R : dg 
cc : Lou i s  S .  rla l l 

John  Gervers I-19 



BRUCE K1NG 
GO\/ERNOR 

DAVID w. K1NG 
SECRETARY 

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HiseNeERG 
OIRK:TOR 

505 DON GASPAR AVENUE 
SANTA FE. NEW MEXICO 8?503 

r.50!51 82?-;!0?3 

May 8 ,  1980 

Dr . D . T .  Schuel er 
Proj ect Manager 
W I PP Project Offi ce 
A l buquerque Operati ons Offi ce 
Department of Energy 
Pos t  Offi ce Box 5400 
Al buquerq ue ,  New Mexi co 87 1 15  
Dea r D r .  Schuel e r :  

r.50!51 827-5181 

As I stated i n  My Apri l 10,  1980 l ette r ,  i t  i s  my op1 n 1 on that the 
Pl an  to Mi ti aate Effects on Archeo l o  i cal  Resources · S i te a nd P re
l i m i na r  Des i qn V a l i dati on SPDV , Was te I s o  ati on Pi ot P ant 
conta i ns adequate data recovery and protecti on measures to sati s
factori l y  mi ti gate adverse effects on s i gn i fi cant cul tural resources .  

I therefore concur wi th your detenni nat i o n  of no adverse effect for 
thi s u nderta k i n� prov tded that the m i ti 9a t i o n  p l a n  i s  impl emented 
as s tate d .  I t  i s  my opi n i on that the cri teri a and req u i rements set 
forth in  Parts I and I I  of the Adv i sory Counci l ' s Gu i del i ne s  for 
Ma ki ng "Adverse E ffect" and No Advers e Effect Detenni nati ons for 
Archeol ogi cal Resources i n  Accordance wi th 36 CFR Part 800 are 
bei ng me t .  Spec i fi ca l l y ,  I can certi fy that the a ffected 
archeol o g i cal  resources meet Part I :  Cri teri a 2 and 3a , b ,  and c .  

Shou l d yo u have any que s ti ons regardi ng my concurrence wi th th i s  
detenni nati on , do not hesi ta te to co ntact thi s offi ce.  

Si ncerel y ,  
1 �-f2_. w µ_[____ 

Thoma s W .  Merl an 
State Hi s tori c Pres ervat i on Offi cer 

TWM : DE R ; dg 
cc : Lou i s  S .  Wal l 

John Gervers 
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Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerq ue, New Mexico 871 1 5  

Mr . Lou i s  S .  Wal l ,  Ch ief 
Western Di vi s i on of Project Review 
Advi sory Counci l on H i s tori c Preservati on 
44 Uni on Boul evard , Sui te 6 16 
Lakewood , Col orado 80226 

Dear Mr. Wal l : 

REQUEST FOR COUNC IL  COMMENTS 

MAY 2 0 1980 

Encl osed are three ( 3 ) copi es of the "P l an to Mi ti gate Effects on 
Archaeol ogi cal Resources , "  for the Si te and Pre l i minary Desi gn 
Val i dati on Program for the Was te Isol ation Pi l ot Pl an t  S i te i n  
Eddy County ,  New Mexi co .  Th i s  report was prepared to comply with 
the requi rements of Secti on 106 of the Nati ona l  H i s tori c Preservation 
Act of 1966 and Secti on 2 ( b } of Executi ve Order 1159 3 .  

Correspondence documenti ng approval of the p l an by Mr .  Thomas W .  Merl an , 
the New Mexi co State Hi stori c Preservati on Offi cer ,  i s  i ncl uded as 
Appendi x A of the report . Al so i ncl uded i n  Append ix  A are l etters 
from Mr . Merl an and Mr . Scott Schenner of the Agency for Conservati on 
Archaeol ogy supporti ng  a detenni nati on of "No Adverse Effect" to 
archaeol ogi cal  resources as a resul t of SPDV acti v i ties at the W I PP 
S ite . Appendi x B of the report cons i sts of speci fi c  responses to 
the i nformati on requi rements requi red by 36 CFR 800 . 13( a ) . 

Al so  encl osed are two ( 2 )  copies of Scott Schenner ' s  "A Report on 
the Archaeol ogi ca l  Si te Locati ons i n  the WIPP Core Area wi th 
Recomnendati ons for Bechte l  Nati ona l , I nc . "  Th i s  document detai l s  
characteri sti cs 6f the a rchaeol ogi cal s i tes di scussed i n  our 
mi ti gati on pl an .  

We bel i eve that thi s  i nformation meets our respons ib i l i ties for 
documentati on of a detenni nati on of "No Adverse Effect" to 

I- 21 



Mr . Loui s S .  Wa l l  2 MA'r � u 1980 

a rchaeol og i cal resources . We reque s t  th at the Advi s ory Counci l on 
H i s to ri c P reservati on corrment on  th i s  de te rmi nati on pursuant to 
36 CFR 800 . 6 .  

W I P : JMM 

Encl osures : 

S i nce re ly ,  

On18 ' : : .� '- �. ' � : � rn B'i 
O. T. SC'. i G ELER 
D. T .  Schue l er 
Project  Manager 
W I PP Proj ect Offi ce 

1 .  " P l an to Mi ti ga te Effects on 
Archaeo l og i ca l  Res ources fo r SPDV"  ( 3  cop i e s ) 
2 .  1 1A  Repo rt on the Arch aeol o g i ca l  
S i te Loca ti ons i n  the W I P P  Co re Area  
wi th Mi ti gati on  ��rommenda ti ons " ( 2  cop i es )  

cc w/encl no . 1 ( 1  copy ) . J .  McGough , W I PP P/0 , ALO 
J .  Ge rve rs , W I PP Tas k  Force 
R .  Ne i l l , EEG , Santa Fe 
A .  Z i mme rman , BLM , Santa Fe 
A .  Ramage , B LM ,  Roswe l l 

cc w/o encl : G .  Hohmann , W-W I PP Proj . 
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Mr .  A lbert w .  Hamels trom 
5 17 Gold Avenue SW 
P .  o .  B ox 2007 
A lbuquerque , NM 8 7 103 

Dear S ir :  

Sanaia Laboratories 

Novemb er 3 ,  1 9 7 6  

I am in the process o f  preparing input s for a Dra ft Environ 
mental Impac t S tatement on the propo sed Wa s te I s ola tion Pilot 
Plant to be used for experiments re la ted t o  the s torage o f  low 
and intermediate leve l nuc lear was tes in the bedded salt of 
the Delaware Bas in ,  eas t o f  Car l sbad , New Mexic o .  

I have j us t  been informed tha t I mus t s o l ic it a determina tion 
from the USDA Rura l  Development Commit tee on whether there are 
any "prime or unique farmlands" loc ated within the proj ec t area . 
I would be very much surprised if there were , but never theles s 
I need a forma l s tatement on the subj ec t .  

The area proposed inc ludes all or part o f  Sec tions 7 - 1 1 , 14 - 2 3 , 
26 -35 of T .  22 s . 1 R. 33 E. ; S ec t ions 2 -6 of T .  2 3  s . , R .  3 1  E . ; 
Sec tions 1 2 - 13 , 2� -25 , 36 of T .  22 s . , R. 30 E . ; and Sec tion 1 ,  
T .  23 s . , R .  30 E .  Mos t  o f  this land will merely be buffer z one ; 
the area which would overlie the underground workings inc lud e s  
only Sec tions 2 0 - 2 1  and 2 8 - 2 9 , T .  2 2  s . , R .  3 1  E .  A ll the land 
ment ioned is in Eddy County , New Mexic o - - see map enc losed . 

If there are any fur ther ques t ions , plea se phone me a t  264 - 3540 . 
Thank you for your cooperat ion . 

MIM : l l5 1 :  j eh 

Enc losure 

Copy 
SAO 
AW 
1140 

to : 
L .  P .  Apodac a  w/enc l .  
W .  P .  Arms trong w/enc l .  
W .  D .  Weart  w/ enc l .  

Yours , 

). t . � 
M .  L .  Merrit t ,  Supervi s or 
Environmental A s ses smen t D iv .  1 1 5 1 
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U N ITED STATES DEPARTMENT OF AG RICULTURE 
SOIL  CONSERVATION SERVICE 
Box 2007 , Al buquerque ,  NM 87 1 03 

�r . M .  L .  Merr itt , Supervi sor 
Envi ronmental Assessment Di v i s i on 1 1 51 
Sandi a  Laboratori es 
Al buquerque , NM 871 1 5  

Dear Mr . Merri tt :  

November 1 1 , 1 97 6  

I n  response to your request o f  November 3 ,  1 976 , the s i te and buffer 

zone for the proposed Waste I sol at ion Pi l ot P l ant i n  Eddy County ,  New 

Mex i co ,  does not i ncl ude prime or uni que farm l ands accordi ng to Soi l  

Conservation Servi ce criter i a .  The area consi dered was that shown 

on the map provi ded wi th your l etter . 

Si ncerely ,  

A .  W .  Hamel strom 
State Conservation i s t  

I- 2 4  



Mr. W .  O .  Nel son . Jr. 
Regional Di rector 

P I N K 

u .  s .  Fish & Wi ldl i fe Servi ce Endangered Species Offt ee 
f .  O. lox 1 306  
Al buquerque , NH 871 03 

Dear Mr. Nel son : 

c 0 p y 

OCT 1 7 1979 

REQUESl FOR LIST OF EMDNCGERED SPECIES AFFECTED IY WIPP SITE 

The Veparteent of Enerw ( OOE )  1 s  consi deri ng the cons tnlct1on of a Waste 
lsol ltt on Pi l ot Plant (WIPP) at a s i te  near C.rlsbad , New Mexi co. The 
WIPP w1 1 1  be a pensanent repos i tory for low- and i nterRdi ate· level defense 
rel ated nuclear was tes wb t ch  w1 1 1  be empl aced tn 1 bedded sal t fonutton 
waderlying the si te .  As 1 part of this progru . the Sandia Laboratori es , 
under contract to the DOE ,  bas funded extensi ve  studi es of the env1 ronmnta1 
biology of  th e  st te .  These stMdtes are intended to provide tnfonu.tton for 
use in the Envi ronmental Impact Statetaent as •1 1 as to establ i sh Basel i ne  
data for th e  l oog· tel'll ecol ogi cal moni tori ng of th e  site. 
Th i s  l etter constf tutes 1 formal reques t for your Office to provide 1 l f s t  
of tftre•tened •d endangered species that 111.Y be affected by th e  proposed 
WIPP faci l i ty , as requi red by Section 7 of the 1178 ...,._nts to the E.npngered Species Act of 1973. 
You lllY find the fol lowing tnfonaatton useful tn assed>t tng such 1 l is t .  

TM WIPP s i te  fs .,out 25  •f l•s east of Clrlsl>•d in Eddy County, New Mexico 
and cowers an area of 1 8,960 •c�s , al 1 federal ud 1tate land.  lt ol ogt al 
••i es hive encoq>&Ssed • so.what larger area .  Tbe floral assoc1 1tt ons 
• Ute s t te  are chlractert stt·c of the Cht huahuan Ragtons of the Desert 
Shnib and Grassland Fol"lllttons . Som Pl at ns Region �nts are present 
as wel l .* Tht s i te  regi on ts trazed by cattle throughout the year and t s  
stocked a t  a level of about s 1 x  he1d per 1ectton. 

-oonart, G. B . , D. D. Syl ves ter, and v. c. Hickey , 1978. Potential N•tural 
Vegetltion of New Mexi co .  U. S. Department of Ult Interior, Soi l Con
servation Servi ce .  Portl and , Oregon. 

�� )-. SA�p�SESS PR�1�ROl FI�If&rr BR 
McGough : s rk  Bel l ows Di ntaJAan 
10/1 7/79 1 0/ /79 1 0/ /79 
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Mr. w .  o. Mel son 2 OCT 1 7 1979 

Proposed eonstrvctton at the s t te  consists of surlace ud underground 
fact l t tt es .  Surface structures wt l l  tncl ude ,  t n  lddt ttoa to -.U1 1dtngs ,  
1 s torage pt l e  for the lltned rock (IUCh of whi ch  wt l l  be sal t) , an 
evaporati on pond for ""&ge- mataant effl uents , 1 di sposal anti for 
cons truction spoi l s ,  anca 1 s111t tary landft l l . Al so pl anned are 1 rai l road 
spur . paved access l'Mds .. and 1 power l t ne .  The proposed l ocations of 
these fact 1 1 ttes are sbown on the acCQ11pany1ng •P· 
The porti on of the Draft Eavh"OnMntll Impact Stltemnt ( DOE/EIS-0026- D) t s  
encl osed that detai l s the t nfonaat1on avai l abl e  to us concemt ng threatened 
and andangered spectes on or near the st te .  ftel d data obtatn1d s tnce the �IS 
was prepared necess t tl tes SOll'le llOdt ficatt ons of the statements concemt ng 
th reatened and endangered ft sh spectes . Dr. James Suble tte of Eutern 
New Mexi co Unhers i ty  (EHMU) tn Portal es , NM , the principal investi gator 
for the •quatt c studi es portton of the WIPP Btology Progr111, has conducted 
fi eld s tud4es t n  1978 and 1 979 at e t gh t  sampl ing stl ttons on the Pecos Rt ver 
between Si x Mi le  Dam and Red Bl uff Reservot r .  Ht s 1978 fi ndt ngs ( sunnart zed 
1 n  the tabl e attached) i ncl uded tbe fol l ow i ng inforMtton . Of the nineteen 
speci es of ft sh i n  the l ength of the Pecos River under study, three are 
currently 1 t s ted by the State of New Mext co as bet ng threatened or endangered .  
They are : the Pecos Rher Pupfi sh , the Rai nwater ft sh . and the Gray 
Redhorse . Dr .  Subl ette found several thri vi ng popul ations of the fi rst two 
spec 1es 1.nd has recoarended that they be ••1 is tad . •  The th t rd t s  rare tn 
the Pecos b1 1 t  modera te  popul ations are found t n  the Bl ack Ri ver drat nage . 
The Bl ack rNer joi ns the Pecos near Mal aga west-southwest of the WIPP s t te .  

Fi ve 1ddi tt onal spectes o f  fi sh on th e  state 1 1 st we re  found to occur t n  
til e  Bl ack Ri ver drainage but not i n  the Pecos . The, are : th e  Bl ue Sucker,  
the Banded Tetra . the Blunt Nose MiMow, the '""""'"throated Darter , and the 
Pecos Gct.ut>us 1 ! . The las t  bfo occur only tn the Bl ue Spri ng Run ;  the last 
�per1 es 1s al s o  on the federal 1 1 s t  of threatened and endangered species . 

To our know1 edge , the Pecos 6-d>us ia t s  the only federal ly l isted spectes 
<.f threatened and endangered ft sh that t s  found anywhere near the WIPP si te .  
The only known popul attons wt th t n  th e  aqua ti c study area are in the Bl ack 
Rher drai nage , wh i ch 1s wel l buffered from any dt rect associ ation wi th 
dr& ina9E! from the WIPP st te 1nto the Pecos . 
The foregoing 1 nfonia t1 on t s  contai ned t n  th e  FY78 annual report of the WIPP 
B iol ogy Program soon to be publ i shed as Sandta document (SA "'79-0368) . Your 
offt ce has been pl aced on the .. 1 1 t ng l t s t  for dt s trtbutt or. 

Wi th regard to the avt fuana , t t  shoul d be emphasi zed that the stngl e s t ghttng 
of Bai rd ' s  sparrow (New Mextco endangered species) menti oned t n  t:he DEIS 
( Vol . 2 .  page H-90) ts questionabl e .  The s t ghttng , .ade b1 a graduate 
student of Dr. A. L .  Gennaro of EHMU , dtd not pennt t a truly posi ti ve 
1 denti f1 cat1on (A .  L .  GeMaro , personal conm.ini catton � Dr. Gennaro bas 
conducted the mamna1 1 an and rept1 1 t an portions of the WIPP s tudies for 
several years ) . Dr. Davi d  Lt gon of the Untvers t ty  of New Mext co 1 s  now 
respons ible for avian studies . 
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Mr . W .  O .  Ne l son 3 OCT 1 7 1979 

The tenni nol ogy used tn the DEIS my nqu i re  some cl art fi ution .  •The 
regt on of the s i te" refe� to the l arge area cons t s tt ng of those parts of 
Eddy and Lea counti es eas t of the Pecos . The te"1 "the s i te vi ci n i ty .. i s  
mo re  res trt ctt ve and refers to til e  aroa wi th i n  a 5-m1 1 e  radius o f  th e  cen te r  
of th e  proposed WIPP s i te .  Speci es checkl i s ts assewbl ed for the • region 
of the 1f te11 undentandably contai n  species never s i ghted i n  th e  •vi ci ni ty 
of the st te 11  because the ruage of babi t&ts f n  the l a rger area 1 s , of course , 
more Civerse than those encountered 1 n  the t l•d1 a te  nei ghborhood of the 
WIPP si te .  S1m1 1 arly ,  the aquati c species di scussed tn the DEIS are 
those that occur withi n the •si te regi on" whereas the aqua ti c s tud.y area 
ts confi ned to water bodi es cl ose to the s f te  ( tank5 , pl l.)'u , e tc . ) and 
to that regi on of the Pecos wht ch NY recei ve drainage from the s 1 te and 
continu i ng downs tream to Red Bl uff Reservoi r .  

A copy o f  the enti re DEIS 1 s  being •1 1ed to you under sep1r1te cover for 
your t nformati on . 

I f  you requi re further informati on on these b1ol ogi ca1 studi es , pl ease 
contact Si eg1 1 nde Neuhauser ( 264-5364 ) or M. L .  Merri tt ( 264-3540) at 
Sandi a Laboratories . Ques tions concerni ng the project i tsel f shoul d be 
addressed to me at 766-3884 . 

WIP : J"'1( 2527 )  

Encl osures : 
1 .  Map of WIPP Site Area 
2 .  Secti on H . 5 . 4  of DEIS 

Sincerely , 

C • � i"" � '  s ·1 .. !"le.1 by 1 . ..... 1 1 1 .J i  � ' ·  J 
D. T. SCHUELER D. T. Schue l e r  

Project Man1ger 
W lPP Project Offi ce 

3 .  l 1 s t  of Threatened & Endangered Species of Ftsh 

cc w/o encl . K. Neuhauser, Org. 451 4 , SLA 
M. Merri tt , Org . 451 4 ,  SLA 
G. Hohmann , Westinghouse W IPP Proj 
.J.  McGovgh , VI PP Proj Ofc , ALO 
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I N  REPLY RErER TO : 

UN ITED STATES 
DEPARTMENT OF THE INTERIOR sE 

Mr . D . T. Schue ler 

FISH AND WILDLIFE SERVICE 

POST OF'r t CE BOX 1306 
ALllJOJERQJE, NEW MEX I CO  B7JRJp PROJECT OFFICE 

November 15 1 9 7 9  . ,r. r- t  fofo Init t)ate , 
·'-··-i-

�'':':��:·-� .' ' - ��· - ----- �--i--�---t---i 
r ' . . . . . I --· - ·  --- 1  '- �· . . . -· . - - - - - , I I 

Proj ect Manage r ,  WIPP Proj e c t  O f f ic 
Department o f  Energy 
Albuquerque Ope rat ions Of fice 
P . O .  Box 5 4 00 
Albuquerque , New Mexico 8 7 1 1 5 

Dear Mr . Schuele r :  

_... . r- -. .  -- ---,.,,;:y. -r-T�· - :=-�c.-:= -- _ 1, - -- - ·  1 .  
·c  - '·· ;# · · -.- . -· I J ___ ' ---+--1 

--(; \ I� !..!_-'.,;. C----- - r ·--:::-j __ L __ ..__ __ 

This i s  in reply to your Octob·er 1 7 ,  1 9 7 9  letter which reque sted 
in format ion about species which are l isted or proposed to be l i s t ed as 
t hreatened or endangered as provided by the Endangered Sp e c i e s  Act . 
Your area o f  intere st is t he Was t e  Isolat ion Pilot P lant site 25 mi'les 
east of Carlsbad , Eddy County , New Mexico . 

As p rovided by Sect ion 7 ( c )  o f  the Endan gered Species Ac t Amendment s of 
1 9 7 8 ,  the Fish and Wi ldlife S e rvice is required to furnish a l i s t  of 
t hose species , both p roposed and listed,  that may be or are present in 
t he area involving Federal con st ruct ion activities . 

Upon receipt o f  the F i sh and Wildlife Service ' s  species l i s t , the Federal 
agency aut.ho r i z in g ,  fundin g ,  or carrying out the construct ion act ion i s  
required to conduc t a b iological assessment f o r  t h e  purpose of ident ifying 
l i s ted species wh ich are likely t o  be a f fected by such act ion . Prop osed 
species are inc luded on the list even though they do not have legal 
protect ion under the Act . Their inc lus ion recognize s that they may be 
l is t ed anyt ime and have the p ort ent t o  cause delays or mod i f i c at i ons t o  
t he proposed act ion . I n  li ght of t hi s ,  w e  recommend that those species 
b e  included in t he b iological assessment . 

The b iological assessment shall be completed within 1 8 0  days after 
receipt o f  t he species list , un less it i s  mutua l ly agreed to extend this 
p e riod . The b iological asses sment should in clude : 1) the results of a 
comprehens ive survey ; 2 )  re sul t s  o f  any s t udies undert aken to de t e rmine 
the nature and extent of any impact s on ident ified species ; 3) cons idera
t ion of t he cumulat ive effects upon the species or its c r it ical hab i tat ; 
4 )  s t udy methods used ; 5 )  d i f f icult ies encount ered in obtaining dat a and 
comp l e t ing t he p roposed s t udy ; 6 )  conclus ions including recommendations 
as to furt her s t udies , and 7 )  any other relevant informat ion . 

Savt Entrgy and You Strvt A merica/ 
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For purposes of providing interim guidance , the Fish and Wil dlife Service 
considers cons truc tion p roj ects to be any action conducted or contracted 
by the Federal agency designed primarily to result in the building or 
erection o f  man-made structures , such as dams , buildings , roads , pipelines , 
and the like . This includes cons iderat ion o f  maj or Federal actions such 
as permits , grant s ,  license s ,  or other forms of Federal authorizat ion or 
approval which may result in construct ion and which significantly a f fect 
the quality of the human environment . In addit ion , other act ions that 
have the potent ial of becoming or are cont rovers ial , may be cons idered 
as construct ion . 

If  the biological assessment reveals that the proposed proj ect may 
affect listed species ,  the formal consultation process shall be ini
t iated by writ ing to the Reg�onal Director , Region 2 ,  U . S .  Fish and 
Wildl ife Service , P . O .  Box 1306 , Albuquerque , New Mexico 8 7 103 . If no 
af fect is evident , there is no need for further consultat ion . We 
would , however ,  appreciate the opportunity to review your biological 
assessment . 

The attached sheet provides informat ion on species which may occur in 
the propo sed proj ect area .  If we may be of further assistance , do not 
hes itate to call upon us (505- 766-39 72 ; Fl'S 4 74-39 72 ) . 

Acting 

Attachment 

er:::¥ cL:i·�:� 
cc : Phoenix Area Office ( SE) , Phoenix , Arizona 

Ecological Service s Field Office , Albuquerque , New Mexico 
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B IRDS 

WASTE ISOLATION PILOT PLANT 
Eddy County ,  New Mexico 

L ISTED SPECIES 

Peregr ine falcon ( Falco peregr inus ) - Me dium s ized falcon , s late gray 
above , dark head with "mustache s "  below each eye .  Long pointed wings . 
Hay occur as a spring or winter migrant . 

Bald eagle (Hal iaeetus leucocephalus )  - Large eagle with white head and 
tail  in the adul t .  Immatures are dark , f eet bare o f  feathers . Hay occur 
as a s pring or fall migrant .  Winters around lakes and along rivers in 
project area. 

MAMMALS 

Bl ack-f ooted ferret (Hust ela nig� ipes ) - Ext reme ly rare and poss ibly ext inc t 
in area.  Generally found in association with prai rie dog t owns . 

F ISH 

Pe cos gambus ia ( Gambus ia nobil i s ) - Known from several locat ions near the 
pro ject area . Found in springs and f ree-flowing s treams . 

PLANTS 

Le e pincushion cactus ( Coryphantha sneed i i  lee i )  - Lis ted as threatened 
e f fective Novembe r 2 6 , 1 9 7 9  ( FR 1 0/2 5 / 7 9 ,  Vo l .  4 4 ,  # 20 8 ,  6 1 55 4 ) . A small 
pincushion-like cactus .with white s-p ines . Known only from the eas tern edge 
o f  the Guadalupe Mountains in s outhwe s t  Eddy County , New Mexico within 
Ca rlsbad Caverns Na t ional Park. 

PROPOSED SPECIES 

None . 

CRITICAL HABITAT 

None .  
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OOVEllNOll 

PUCE KING 

State of New Mexico 
SlATl GAME COMMISSION 

EDWARD MUNOZ C><AIR ... AN 
GALLUP 

DNllCTOll ANO ltCllnAllY TO TNI CC*M15SION J W J O N E S  

AL.BUOUE RO U E  HAllOLD f Ol.SON 

D E PARTMENT O F  G A M E  AN D FISH 
s r .e. 1 L  Cfi.l•t l (JL 

ROB[R1 >< f0RR[S1 

CARL.SBAD 

ROB£R1 P G"IFFIN 
SIL. V [ R  Ci1  Y 

B I L L  L ! TI R E.L L  

�l�AFl.RON 

Ap r i  1 7 ,  1 93 0  

:·'1 r .. � . T . S c h  u c l e r 
De p a r t me n t  of E n e r g y  
A l b u q u e r q u e O � e r a t i on s  O f f  i ce 
P .  0 .  Box 5 � 0 0  
A l b u q u e r q u e , N e w  M e x i co 8 7 1 1 5 

Dea r M r . S c h u e l e r : 

iJe h a v e  r e v i e1�c d t h e " B i o l o g i c a l  As s e s s me n t . r o t e n t i a l  l m;.ia c t-s on S � <i t e 
d e s i gn <i t ed E n d a n g e r e d  S p e c i e s  f r om t h e  P r opo s e d  Con s t r u c t i on a n d  Ope r a t i o n 
o f  t h e \lci s t e  ! s o l u t i o n P i l o t  P l a n t  ( I J I P P ) "  a n d  f i n d i t  a ge n e r a l l y  a c c e o t · 
a b l e  t r e a t me n t  o f  t h e s u bj e c t . I 1-1o u l d  l i ke to r e q u e s t  a n y  s pe c i f i c  i n f o r ma-
t i on on t h e  l e a s t t e r n  o c c u r r e n c e  ( o .  2:3 i n  T a b l e  5) fo r ou r r e co r d s . I n  
a d d i t i on .  we q u e s t i o n t he o c c u r r � n c e  o f  B e n d i r e ' s  t h r a s h e r  ( p .  3 0  i n  T a b l e  5 )  
i n  t h e a r e a , a s  i t  i s  n o t  v e r i f i e d f r om e a s t e r n  tlew M e x i c o .  

As f o r  t h e  F E I S ,  we h a v e  co�me n t s  a s  fo l l ow s : 

p .  H - 1 2 6 - a d d  Ro s s ' Goo s e  a n d  wh i t e - w i n g e d  d o v e  t o  t he t a b l e .  
p .  11 - 1 2 7 ( a l s o  p .  2 8  i n  T M E  30 1 0 ) B u t o r  i d e s  v e r e s a n s  ,. v i r e s c e n s  

S�a t u l a  = An a s  
--- --

p .  H - 1 2 3 ( a l s o  p .  2 9  i n  T M E  3 0 1 0 )  - T o t a n u s  .. T r i  n2a 
fro I i a  = C a l i d r i s  
E r e u n e t e s  - C a l i d r i s  

P f L H - l 2 � / H - 1 3 0 - t h e s e  p a g e s  a r e r c v � r s e d  i n  s e q uence.--
p .  H - 1 3 11 - E l s e vth !! r e  t h e fe r r u g i n o u s  h awk i s  l i s t e d  a s  ye a r l on g  ( e . g .  

H - 1 2 7 ; p .  3'1) i n  T M E  3 0 1 0 ) , b u t  he re t h e  da t a  s h o1� w i n t e r  
oc c u r r e n c e s  on l y .  T h e  l a t t e r  s t a t u s i s  mo r e  l i ke l y  t o  be 
co r r e c t . 

p .  H- 1 3 ) - T h e  l e s s 1! r n i g h t h awk i s  l i s t e d  h e re b u t  not e l s ewhe r e  i n  t h e 
r e po r t s .  

p .  1 1- 1 3 $ - O r e g o n = d a r k - e y e d  j u n co . 
p .  H- Jl1 5  Some o f  t h e s pe c i e s  we re d e l i s t e d  i n  May 1 '.)79  i . e .  l i t t l e 

b l u e he ron a n d  o s p r e y ; t h e  ba l d  e a g l e  i s  now tlM I I .  
p .  H- Jl1 7  - Some o f  t h e  s ;:ie c i e s w e r e  dc l i s t e d i n  tl;i y  1 '.Jn ,  i . e .  Ame r i c a n  

e e l ,  ro u n d no s e  m i n now , P e co s  pup f i s h ,  a n d  ra i nwa t e r  k i l l i f i s h ;  
t h e P e co s  g a mb u s i a ,  nm� tlM 1 1 ,  i s  n o t  1 i s t e d  he r e . 
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M r .  O .  T .  S c h u e l e r - 2- Ap r i  1 7 ,  1 '.3 !30 

We have not rev i ewed t he p l a n t  occ u r re n c e s  a nd r e l a t ed a s p e c t s  i n  d e t a i l ,  
b u t  I s ha l  1 r eq u e s t  t h i s  f rom t he New Mex i co He r i t a ge P ro g ra m .  I f  t he y  
h a v e  COITl"len t s , t he y  c a n  w r i t e t o  you d i re c t . 

S i n c e r e l y ,  

D i rec t o r  

c c : B i  1 1  H u e y  
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Appendix J 

EFFLUENT AND ENVIRONMENTAL MFASUREMENTS AND MONITORING PROGRAMS 

This append ix discusses the mater ials and methods used to collect the data 
presented in th is report .  It al so d iscusses the proposed moni tor ing programs 
for assessing the env ironmental impac ts of the WIPP . 

J . l  PREXJPERATIONAL ENVIRONMENTAL PROGRAMS 

The preoperat ional survey programs have been designed to descr ibe the 
ex i sting geologic,  hydrolog ic,  meteorolog ic,  biolog ic , and radiolog ic charac
ter istics of the reg ion surround ing the WIPP s ite in Eddy County , New Mex ico. 

J . 1 . 1  Geology 

The purposes of the site geolog ic studies and the geology sections pre
sented in th is report are given in Section 7 . 3 .  Inve st igation methods for 
geology and se ismology are discussed in more deta il in the Geological Charac
ter ization Report ( Powers et al . ,  1978 ) . 

Geologic stud ies for the site fall into three different phases :  prelim
inary s i te-selection act ivities , s i te charac ter izat ion , and stud ies on long
range geolog ic processes affec ting a repos itor y .  S ite character ization a t  the 
present s i te began in 1975 with the dr i lling of a hole at the center of the 
site and the star t of se ismic reflection wor k .  S ite character ization is in
tended to provide data concerning the g eolog ic acceptabi lity of the s i te .  
Results up to late 1978 have been repor ted in  the Geological Character ization 
Report ( Powers et al . ,  1978 ) . Studies of long-term processes that might af
fect the integ r ity of a repos itory are now the major geotechnical activity of 
the proj ect per sonnel . These stud ies are concerned with the age of s ignifi
cant feature s and the ra te s  and processes that have produced them. 

Th is section surranar izes the g eophysical and geolog ic methods used in char
ac ter iz ing the New Mexico study area . Sixteen stratigraphic holes have been 
dr illed to date ( June 1 980 ) in support of th is program: one ( ERDA-9)  is at the 
center cf the site . Figure J-1 shows boreholes within and near the site . 
Table J-1 has the location , depth ,  and purpose of boreholes dr i lled specif ical
ly for the WIPP . These boreholes were extensively logged , cored , and dr ill
s tem tested in the evapor i te section .  The cores form the bas is for several 
continu ing laboratory stud ies impor tant to an understand ing of the phys ical and 
chemical phenomena a ssoc iated with the s i te and contr ibuting to general knowl
edg e about the formation of evapor ite s .  Two boreholes have been dr illed well 
ou tside the immed i a te a rea to obta in data on salt d issolution . 
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TD Total depth + Abandoned well o Geologic holes 

TA Temporarily abandoned � Deep and abandoned • Hydrologic holes 

e Deep producing gas $ Potash drill holes S ERDA potash drill holes 

Figure J- 1 .  Exploratory dri l l  holes i n  the W I PP site .  
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Table J-1 . Exploratory Dr ill Holes in the Vic inity of the Site 

Designation 

AD::-7 
AD::-7 
AD::-8 
( deepened) 
ERDA-6 
ERDA-9 
ERDA-10 

P-1 
P-2 
P-3 
P-4 
P-5 
P-6 
P-7 
P-8 
P-9 
P-10 
P-11 
P-12 
P- 13 
P-14 
P-15 
P-16 
P-17 
P-18 
P-19 
P-20 
P-21 

H-1 
H-2A 
H-2B 
H-2C 
H-3 
H-4A 
H-4B 
H-4C 
H-5A 
H-5B 
H-5C 

Start da te 

3-74 
3-74 
5-74 
6-76 
6-13-75 
4-28-76 
8-18-77 

8-23-76 
8-25-76 
8-26-76 
8-27-76 
9-10-76 
9-3-76 
9-4-76 
9-8-76 
9-16- 76 
9-24-76 
9-24-76 
9-17-76 
9-17-76 
9-24-76 
10-4- 76 
9-27-76 
10-18 - 76 
10-19-76 
10-19- 76 
10-6-76 
10-15- 76 

5-20-76 
2-14-77 
2-7-77 
2-28-77 
7-25-76 
5-16-78 
5-14-78 
4-30-78 
6-13-78 
6-4-78 
6-24-78 

Purpose 

Stratig raphic 
Stratig raphic 
Stratigraphic 
Deep hydrolog ic 
Stratig raphic 
Strat ig raphic 
Deep dissolution 

Potash 
Pota sh 
Potash 
Pota sh 
Potash 
Potash 
Pota sh 
Pota sh 
Potash 
Potash 
Potash 
Potash 
Potash 
Pota sh and hydrolog ic 
Potash and hydrolog ic 
Pota sh 
Potash and hydrolog ic 
Pota sh and hydrolog ic 
Potash 
Potash 
Potash 

Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
Hydrolog ic 
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Total 
depth { f t i  

3 9 18 
3918  

49 10 
2776 
2 886 
44 3 1 .  5 

159 1  
1895 
1676 
1857 
1830 
1573 
1574 
1660 
1796 
2009 
1940  
1598  
1576 
1545 
1465 
158 5 
1660 
1998 
2000 
199 5  
19 15 

856 
563  
66 1 
795 
902 
4 15 
529  
661  
824  
9 25 
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Table J-1 .  Exploratory Dr ill Hole s in the Vic inity 
of the S i te ( continued) 

Designation Start  date Purpose Total 
Depth ( ft)  

H-6A 7-7-78 Hydrolog ic 525 
H-6B 6-28-78 Hydrolog ic 640 
H-6C 6-21-78 Hydrolog ic 7 4 1  
H-7A 9-18-79 Hydrolog ic 154 
H-7B 9-13-79 Hydrologic 286 
H-7C 9-6-79 Hydro logic 420 
H-8A 9-7-79 Hydrolog ic 505 
H-8B 8-6-79 Hydro logic 624 
H-8C 7-27-79 Hydrolog ic 808 
H-9A 7-9-79 Hydrolog ic 559 
H-9B 8- 14-79 Hydrolog ic 708 
H-9C 8-1-79 Hydrolog ic 816 
H-lOA 8-21-79 Hydrolog ic 1318 
H-lOB 10-7-79 Hydro logic 13 98 
H-lOC 8- 11-79 Hydrolog ic 1538 

WI PP-11 2-5-78 Stratigraphic 3577 
WI PP-12 11-9-78 Stratig raph ic 2790 
WIPP-13 7-26-78 Stratigraphic 10 25 
WI PP-15 2-8-78 Paleoclimatolog ic 8 10 
WIPP-16 1-11-80 Stratigraphic 13 30 
WI PP-18 - 2-13-78 Stratig raphic 1060 
WIPP-19 4-5-78 Stratigraphic 10 38 
WIPP-21 5-24-78 Strat ig raph ic 1045 
WIPP-22 5-8-78 Stratigraphic 1450 
WIPP-25 8-28-78 ND-1 Hydrolog ic 655 
WIPP-26 8-28-78 ND-2 Hydrolog ic 503 
WIPP-27 9-12-78 ND-3 Hydrolog ic 59 2 
WIPP-28 8-7-78 ND- 4 Hydrolog ic 80 1 
WIPP-29 10-3-78 ND-5 Hydrolog ic 376 
WIPP-30 9-8-78 ND- 6 Hydrolog ic 9 13 
WIPP-31 9-18-78 Stratig raphic 8 10 
WIPP-32 8-7-79 Stratigraphic 390 
WIPP-33 7-13-79 Stratig raphic 840 
WIPP-34 8-16-79 Stratigraphic 1820 

B-25 12-1-78 Stratig raph ic 902  
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Many li ne-miles of se i smic reflection data were available for the study 
area f rom petroleum compan ies , and 26 l i ne-miles of such data wer e  initiaily 
obtai ned by the DOE (F igure J-2 ) , using standard techniques for the pe troleum 
i ndustry .  The da ta are excellent for i nterpreting deeper structure , but are 
not as useful for showing reflecting i nter faces i n  the upper 3 0 0 0  fee t .  In 
1 97 7  about 48 l i ne-miles of new da ta (F igure J-3 )  wer e  obtained us i ng shor ter 
spacings f or geophones , higher f requencies f rom Vi broseis uni ts , and higher 
rates of da ta sampl i ng .  These data show much improved reflections from ,  and 
better resolution i n ,  the shallow depths of i nterest . Resi stivi ty has also 
been exten s i vely used . F i eld tests indicate tha t resistivity can detect ce r
tai n  types of solution featu res ; more than 9000 measurements have been taken 
i n  the study area to sear ch for such features (F igure J-4 ) . Add i tional meas
urements of re s i stivi ty using expander ar rays have been made to study resis
tivi ty changes wi th depth and to help i nterpret  the detailed measurements 
(Figu re J-5 ) . 
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I nvest igation methods used at the site fall into the maj or categor ies of 
field geology , g eophysics , g eochemi stry , and rock mechanics . The appl ication 
of the se discipl i nes to studies relevant to the WIPP is  outl i ned below. 

Field geology 

While all the methods to be discussed may be considered f undarnental in the 
geologic s ci ences , the term • fi eld geology• is here restr icted to the inves
tigations and cor relati ons of regional and local features that are available 
to the g eolog i st through surf ace mapping , aer i al photography , satellite 
imager y ,  and inter pretation of borehole and other subsurface data . 

The basic starting point of the present investigations was the preparation 
of a good base map on which the topographic,  geomorphologic,  and surface
geologic charac ter i stics could be d isplayed . Exi sting USGS topographic 
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quadrangle maps and aer i al photographs wer e  used for this purpose . Aer ial 
photographs , in both col or and black and whi te , were used for the surf ace 
mappi ng of geol ogic feature s .  Lar ger- scale features wer e  der ived f rom sat
elli te imagery i n  reconna i ss ance style for the southern New Mexico-west Texas 
area . 

Data on sur face geology were compiled star ting wi th r epor ts on ear lier i n
ve stigati ons of the area .  I t  was necessary to supplement this wor k with more 
de tailed mappi ng of geologic un i ts in the immediate vicini ty of the s i te .  
Visual i nspection and ident ification of rock uni ts i s  necessary at this stage 
and require s  months of fi eld wor k .  Obser va tions of geomorphology and veg
etation changes were useful in ident ifying geolog ic featu res for mapping . 
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Subsur face geology was estab lished using several lines of evidence . Data 
repor ted in the lite rature were the starting point . These were supplemented , 
and sometimes amended , by propr ietary data f rom petroleum and potash compan ies 
that have conduc ted exploration in the reg ion . vast quantities of information 
ex ist on southea stern New Mex ico , both f rom dr i ll-hole and g eophys ical tests . 
Fi nal deta ils were provided by dr illing and cor ing hole s for stratigraph ic 
information and conduc ting g eophys ical studies to help map formations between 
boreholes .  Cores from boreholes were mea sured and located re lative to the 
g round sur face , descr ibed and ident ified in field notes , and photog raphed. 
Litholog ic and stra tigraph ic logs we re prepared from examination of the 
samples .  Portions not used i n  subsequent analyses and te sts were sealed in 
pla st ic bag s ,  labeled , and stored . All th is information is assembled into 
str uc tu ral con tour and isopach maps for the d i fferent g eologic formations of 
interest .  
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Geomorphologic , topograph ic , sur face , and subsur face geolog ic maps are all 
used to i nterp ret the geologic h istory and tec ton ic setting of the area . In 
certain instance s ,  paleontolog ical or paleobotan ical information is useful in 
e stab l ishing the chronology of events . Micropaleontology is be ing used to 
provide a more thorough understand ing of so lution ing processes and the ir  rate s  
si nce Ple istocene t ime . Samples are obta ined by cor ing deposits in solution 
sinks in the Delaware basin.  Coupled with the phy s ical and geochemical 
stud ie s ,  a chronology of events can be developed that allows an est imate of 
process ra te s  and provides some confidence that forecasts into the near geo
log ic futu re w ill not be unrea sonable . 

Geophysics 

F.ar ly in the pre liminary site evaluation , 1500 line-miles of petroleum
company re flection data were examined for evidence of maj or faults and other 
str uc ture s in the deep (over 4000 feet)  formations . The nature of the data 
l imited i ts u se fulne ss for the examination of shallow ( le ss than 4000 feet) 
hor izon s .  Informat ion on shallow hor izons wa s  acquired by spec ial se ismic 
re flection surveys . Conventional o il-field gear (Vibrose is) wa s used , with 
g eophone spac ing and instrument recording adj u sted to provide better re solu
t ion at depths of le ss than 5000 feet.  Exper i ence has shown that this tech
n ique can provide good information on re flec tors in the Ca stile Formation and 
below but mu st be used with a g reat deal of caut ion in attempting to de fine 
the att itude of the top of the Salado . Reflec tions from th is hor izon and 
depth are e r ratic . 

Only a limited amount of se ismic re frac tion work wa s  carr ied ou t to de
termine weather ing cond it ions for the reflection wor k .  Where EOss ible , son ic 
logs or uphole surveys we re pre ferred for th is purpose . 

Elec tr ical re s i stiv ity proved to be a valuable tool in searching for 
d issolution-re lated feature s in the Delaware basin.  Resis tivity surveys over 
k nown solution featu res , such as "breccia pipes , "  g ive charac ter istic s igna
ture s .  Consequently , closely spaced resistiv ity surveys were made over the 
s i te to exami ne it for these anomalies . Ind icated anomalies were then con
fi rmed or den ied by te st dr illing . The surveys were run along lines 500 feet 
apart over the ent i re 30 squa re miles of the s i te a rea and resul ted in about 
9000 data point s .  Two d ifferent mea surement con figura tions were used . The 
mod ified Wer ner electrode placement was used for the areal survey descr ibed 
above , and an "expander " ar ray was used to invest igate changes in resist ivity 
w ith depth at a g iven location . The latter configu ration was used to deter
mine whether low re sistivities were assoc iated with the presence of the 
shallow-d issolution zone . 

Magnetic method s were employed to search for both reg ional and local 
featu res expec ted to show magnetic contrast . Ex ist ing aeromagnetics of the 
Delaware basi n was examined for ind icat ions of major faulting or igneou s 
intrusions . An igneous d ike 9 miles northwe st of the s i te was all that wa s 
observable in these data � a higher-resolution survey will be used to examine 
the reg ion near the s i te for s imilar but le ss evident intrusive s .  Ground 
surveys and deta iled ae romagne tic surveys were tr ied bu t were found to be 
amb iguou s in detec ting solu tion-collapse featu res . 

Grav ity data for the De laware basin we re examined for ind icat ions of ma jor 
geolog ic str uctu res and for the ir uti lity in detect ing collapse featu res .  The 
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absence of the former in the site and the fa ilure of collapse feature s to ex
hibit sign if icant density d i ffe ren tials limi ted the use fulne ss of the g ravi ty 
techn ique . 

Fi rst-order level-li ne surveys tied into the national g r id established by 
the National Geodetic Survey (NGS) were made by NGS with in the reg i on  and 
locally , in a more dense pattern , in and near the site . These permanent sta
tions will be per iod ically reoccupied to detect tecton ic movements and subsi
dence due to dissolution and potash mi n ing . 

Geochemistry 

Geochemical mea surements include techn ique s used to dete rmine the mineral 
compos ition ,  chemical compos ition ,  fluid content and composi tion, age of rocks ,  
and postdepos it ional h istory of rec rystallization . Mineral compos it ion has 
been determined through v isual inspection , petrog raph ic microscope examination , 
and X-ray d iff raction . When large numbers of samples are involved , X-ray 
d i ff r action ha s been the prefer red techn ique . 

Chemical compos it ion has been obta ined by analy tical-chemistry and atomic
absorption methods . For most purposes a tomic absorption is sat isfac tory and 
mor e rapid than we t-chemi stry techn ique s .  

Fluid i nc lusions in salt are counted by microscopic examination . The mass 
of the flu id is determi ned by crush ing , heating , and record ing the we ight loss 
of the sample . In favorable samples the effluent is analyz ed by gas chroma
tog raphy or mass spec trometr y .  Inferences on fluid- inc lu sion compos it ion are 
al so obta i ned by coo ling the sample and observing the " f ree z ing" l;>o int . 

Br ine s  are stud ied for clues to the ir past history by apply ing mass spec
trometry to obta in oxygen-18/oxygen-16 and deu ter ium/hydrogen ratios . 

Age da ting of evapor ite s may be attempted by examin ing rub id ium/strontium 
rat ios . Dating of old b r i nes has been attempted through analys is of the 
uran ium-23 4/uran ium-238 d isequilibr ium. Sat is fac tor y  age-dating technique s 
for old br i nes and evapor i tes are not we ll developed. 

Rock mechan ics 

The rock-mechanics method s descr ibed here inc lude both phys ical and ther
mal te s ts applied to rock spec imens . 

The elast ic and strength proper ties of the salt and other rock samples are 
determi ned by stressing mach ined spec imens under cond itions of both un iaxial 
and tr iaxial stre ss . Spec ial creep-te st apparatus ha s been bu ilt to te st rheo
log ical properties as a function of tempe rature and pre ssure applied over long 
per iods of time . 

The permeability of salt to var iou s gases ( helium ,  n itrogen , hydrogen) has 
been e stab l ished by labora tory tests on single crystals and on rock cores . 
Var iat ion s in permeability as a func tion of pre ssure are also measured . In
situ tests will be conduc ted in potash mines in the futu r e .  

Thermal proper ties have been mea sured on laboratory samples and a t  bench 
scale . Parame ters determined are thermal conduc tivity , thermal d i ffusivity ,  
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thermal expansion coe ff i c ient , and spec ific heat capac ity . Radiant hea t  l r a n � 
fer has al so been examined and found to be relat ively mi nor . These prope r t ie s  
a r e  dete rmi ned by standard laborator y techn ique s .  On larger , bench-scale 
samples ,  holes are dr i lled into the block for heater elements , thermocouples , 
and stra in gauge s .  These te sts allow the dete rmi nation o f  average proper t ies 
more rep resentative of in-s itu cond i tions . 

Rad iation effec ts on salt have also been examined in laboratory te sts . 
I nduced crystal- latt ice defects resulting in " stored energy "  are found to be 
similar in mag n itude to those de scr ibed in the litera ture for other salts . 

Se ismology 

Informat ion abou t the reg ional se ismic ity around the site fall s into two 
g roups . The fi r st i ncludes information obta i ned be fore 196 2 ,  when no spec ial
ized instr umentation existed close to the area . Dur ing that per iod , there 
we re not enough se ismic stations in the southwestern Un i ted States to provide 
instrumental coverage of southea stern New Mexico. Therefore , these data 
de scr ibe earthquakes that people felt and that we re repor ted in the techn ical 
literature , inc lud ing the annual publicat ion U . S .  Ear thquakes . Sanford and 
To�oz ada ( 1 974 ) gathered other informat ion f rom newspaper accounts , r ecollec
t ions of long-t ime resident s ,  records of museums , histor ical soc iet ies , and 
the lik e .  The pr inc ipal weakness of these ear ly se ismic data is that they are 
par tly a func tion of population density . 

The s econd g roup of data began to be collected a f ter i nstrumentation wa s 
establis hed in 1960 and 1962  at Socor ro by the New Mex ico I nstitute of Min ing 
and Technology and at Sand ia Base near Albuquerque by the Atomic Energy Com
mis sion and the Coa st and Geodet ic Survey . Add it ional Coa st and Geodetic 
Survey stations , e stablished i n  1962 in Las Cr uce s ,  New Mex ico ; Payson , Ar i
zona ; and For t S il l , Oklahoma , permitted epicente rs to be determined for local 
events . Since Apr il 1974 , A. R. Sanford of the New Mexico Institu te of Min ing 
and Technology ha s opera ted a ver t ical , single-component ,  continuou sly record
i ng se ismog raph station (CIN) , 4 miles east-northeast of the site ,  to mon i tor 
se ismic ity near the site . An array of several addit ional stations is be ing 
deployed at and around the WIPP s i te in f iscal year 1980 to provi de add i tional 
information on the rare se ismic events with in 40 miles of the site . Useful 
information has also been obta ined f rom a se ismog raph station ope rated at For t 
Stockton , Texas , from June 21 , 196 4 ,  to Apr il 12 , 196 5 , as par t of the feder
ally sponsored Long Range Se ismic Measurement ( LRSM) system. From November 
197 5 to October 1979 , the USGS operated a 10-station se ismic ar ray near Kermi t ,  
Texas ,  about 6 0  miles southea st o f  the s i te ,  to moni tor se ismic ity i n  the Cen
tral Basin platfor m .  

J . 1 . 2  Hydrology 

Hydrology is a major considerat ion in exami n ing the feasibility of a site 
for rad ioactive-waste d isposal . Two f ac tor s are d i r ectly related to hydrology : 
( 1 )  the geolog ic stability of the formation in wh ich the wa ste will be stored 
and ( 2 )  the p resence of g roundwater as a tran spor t med ium . Because unsatu r
ated wate r s  mig rating along the sur faces of salt bed s will dissolve salts , an 
exami nation of the integr ity of the Salado Formation is d i rected into th ree 
study area s :  ( 1 )  the Rustler-Salado contac t beneath the site ,  to dete rmine 
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whether disso lution is pre sently occur r ing ; ( 2 )  the front of the shallow
d i ssolution zone in Nash D raw , to more prec isely map act ive d i s solution bound
ar ies ; and ( 3 )  the est imated rate s  of d is solution at the top and the bottom of 
the sal t ,  to re fine analyses of haz a rds to the s i te .  Fur ther def i n i tion of 
the hydraulic grad ients and rates of fluid movement in the fluid-bear ing zones 
that over lie the Salado w i ll a id in refining the est ima tes of potent ial 
g roundwa te r  transpor t of rad ionuclide s .  

Inventory of te st holes 

The obj ec tives of the hydrolog ic te st ing program at the WIPP s ite are to 
determine the potentiome tr ic head , the hydrau l ic cha r ac ter of the rock s trata , 
and the chemi stry of formation wa te r s .  These hydrolog ic te sts are commonly 
made in explora tory te st holes e ither dur ing dr i l ling or af ter the holes have 
been dr illed to tota l depth . 

As of June 1 98 0 , hydrolog ic te sts had been conduc ted at 16 locat ions in ex
plora tory te st holes at the s i te .  Of the 16 locat ions inve st igated , ten were 
spec ifica lly de signed for hydrolog ic te st ing : H-1 through H-10 (Figure J-6 ) . 
The f i r st three of these were dr i lled in a tr i angular a r ray 0 . 5  m i le on a s ide 
for the purpose of determi ning hydraulic grad ients in the flu id-bear ing zones 
above the Salado Formation near ERDA-9 . 

The potash te st holes P- 14 , P-15 , P-17 , and P-1 8  shown in F igure J-6 were 
not dr illed spec i f ica lly f or hydrolog ic te sting , but f or explor ing potash min
eral depos i t s .  These holes have been used , however , for determina t ions of 
potentiometr ic head in the fluid-bear ing zones above the salt under the south
ern per imeter of the s i te . 

Two other holes ,  A.EC- 8 and ERDA-10 , we re used for te st ing flu id-bea r ing 
zones below the Salado salt sec ti on .  The AEC-8 hole,  dr i lled be fore the WI PP 
proj ec t began , wa s deepened for te st ing flu id-bea r ing zones in the Cast ile 
Formati on and the De laware Mounta in Group .  S imi lar te sting of the Delaware 
Mounta in Group wa s conduc ted in ERDA-10 . 

Afte r  dr illing and te sting holes H-1 throug h  H-3 ,  e ight tr iangular array s-
at locations H-2 and H-4--we re de s igned and dr i lled at a spac ing of about 100 
fee t .  These three-hole complexe s ,  in add it ion to prov id ing long-te rm open-hole 
te st ing , permit static fluid- level mon i tor ing and pump te st ing to check for 
ver t ical or hor izontal commun icat ions between flu id-bea r ing zone s .  Together 
w ith P- 14 , P- 15 , P-17 , and P-18 , the three-hole complexes form par t  of a net
work of holes ,  2 to 3 mi les apar t ,  complete ly enc i rc l i ng the s i te .  

Finally , s ix holes (WI PP- 25 through WI PP- 30 )  have been dr i lled in Na sh 
Draw to the we st . The i r  purpose is to de fine the hydrolog ic charac te r  of Nash 
Draw in relation to that of the WI PP s i te .  They are be ing tes ted now ; te st ing 
will be complete by Oc tober 198 0 . 

General methods used in dr i ll ing 

Air-rotar y  dr ill ing wa s  u sed to dr ill the hole s des igned spec i f ically for 
hydrolog ic te sting at the s i te .  Th is method d i ffe r s  f rom standard rotary 
dr illing in that the flu id or mud gel usually used to cool the bit and remove 
cu ttings is replaced by compressed a i r . The a i r  method was used to make it  
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Figure J-6. Location of dril l  holes used for hydrologic testing. 
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easi er to identify zones that migh t contain fluid and to pr event the plugg ing 
of the aqu ifer te st zones , which may occur when standard dr illing fl uids are 
used . 

Detailed strategies for dr ill ing and tes ting 

The hydrologic complexes have been dr illed and te sted following general i z ed 
criter ia.  To date complexes 2 and 4 through 10 ( each complex consisting of 
th ree holes) have been comple ted. The H- 2 complex is descr ibed below as an 
example of the strategy that was used . 

The H-2 complex consists of three holes spaced as shown in F igure J-7 . 
Hole 2a pene tra tes the Magenta aquifer , hole 2b the Culebra aquifer , and hole 
2c the Rustler-Salado contac t (F igure J-8 ) . This three-hole conf iguration 
makes possible four types of study: i ndependent open-hole testing of the Ma
genta and Culebra aqu ifers and the Rustler-Salado contact wi thout inter ference 
f ran the other zones , conveni ent mon i tor ing of the three formations without 
the use of downhole hardware such as packers ,  pump tests of low-yield forma
ti ons in closely spaced holes , and tracer- inj ection tests . Each hole was 
dr ill ed to wi th in 10 feet of i ts intended depth , casi ng was set and cemented , 
and then the hole was cored to total depth . 

I nvest igations usually began with the geophys ical logg ing of the open bore
hole to obtain i nformation on changes in rock strata , formational character is
t ics , potential zones of water yield , and borehole-diameter changes .  These 

c 

N 

• 

b 

a 

Figure J-7. Plan view showing the configuration of the H-2 three-hole array. 
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Figure J-8. Configuration of completed H-2 holes. 

parameter s  a ided in the se lection of borehole intervals to be te sted in deta il 
and provided use ful information on hole cond it ions needed in the selec tion of 
packer seats . The following logs we re r un in the deepe st of the three-hole 
array , H-2c : natura l gamma and density , caliper , compensated den sity , compen
sated neu tron garrma ray , dual- induction laterolog , microla terolog , tempe rature,  
acoust ic , and 16-inch elec tr ic . All holes were surveyed for late ral dev iation 
with a Sperry-Sun d i r ec tional survey . 

Afte r logg ing , the proposed te st zone wa s  isolated by an inflatable pac ker 
or pack er s ,  and a preliminary dr ill-stem te st (DST) was conduc ted . The DST 
is designed to provide a repre sentative sample of formational fluid,  undis
turbed f ormation pressu r e ,  and estimates of formational permeabi lity .  Stand
ard oil-fi eld DSTs we re r un with slight mod if ications applied to measur ing 
f ormatiai pressu res . 

Hydrolog ic te sts at the site--whether DSTs , open-hole te sts , or cased-hole 
te sts--generally consisted of ba i ling a known volume of fluid from the bore
hole . Hydraulic paramete r s  such as hydraulic conduc tivity , storage , trans
m issivity ,  and potentiome tr ic head could be determined by the analy s is of 
observed fluid recovery.  

Rad ioactive-tracer te sts are conduc ted in some hydrologic te st holes afte r  
they have been cased a nd  per forated a t  selected intervals . The obj ective of 
these te sts is to check the quality of cement bond ing between the casing and 
the borehole wa ll and to provide estimates of the ver t ical d istr ibution of 
permeability across the te st interva l .  
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Wa ter samples were obta ined by ba iling only after measurements of conduc
t ivity ,  temperatu r e ,  and density had i nd ica ted that rep resentat ive format ion 
wa ter wa s be ing retr ieved . 

Rationale for estab l ishing hydrolog ic complexes 

Discu ss ions between WI PP hydrolog ists and mathemat ical modelers revealed 
special da ta requi rements for hydrologic da ta co llection . The general phi los
ophy of hydrologic data collec tion for the WIPP is outli ned in a repor t ( Lam
bert and Mercer , 1 9 7 7 )  that establ ishes a set of procedu res for the co llection 
of data descr ibing the hydrogeolog ic system of the Rustle r  Format ion at a cer
tain poi nt . The goal of the data co llection is to de termine a d i str ibution of 
da ta value s tha t can establish prac tical bound s on the spatial nonun iformi ty of 
hydrolog ic parame ter s  and on the var iations in exper imental results . 

Like te sts in other hydro log ic te st holes ,  these te sts are intended to add 
to the b ank of data descr ibing the potentiome tr ic sur face , the hydraulic con
duc tiv i ty ,  and the wa te r quality with in the Magenta and the Culebra aquifers of 
the Ru st ler Formation and the zone of contact be tween the Ru stler and the Sa la
do . A c lose ly spaced sy stem of hole s is requi red for mul t ihole te sting of par
t icular wa ter-bear ing , yet low-yielding , zones . C lose spacing provides an 
oppor tun ity for two-ho le te sting in a finite amount of time , even with the 
expected low wa ter veloc ities in the Ru stler Formation (Mer cer and Orr , 1977 ) . 

The locations of hydro log ic complexes were based on the need for the fol
lowing information : 

1 .  Hydrau lic definit ion near the cente r of the s i te and at its boundar ies 
( local hydrology) 

2 .  Hydrauli c de finition ou ts ide the boundary of the site ( reg ional 
hydrology) 

3 .  Locat ion of sal t-d isso lut ion fronts and dissolution rates along the 
we s te rn edge of the s i te 

4 .  Data between already exis ting hole s dr illed for other pur poses 

5 .  Location of hydr aulic boundar ies p roper for mathematical mode l ing 

6 .  Locat ion of recharge and discharge areas 

7 .  Ver ification of assumed d i r ec tions of g roundwa ter flow 

J . 1 . 3  Meteorology 

The pr imary source of meteorolog ical data is the s i te meteorolog ical sta
t ion , wh ich has been ope rating s i nce mid-1 9 76 . The three locations of the 
station are shown in Figure J-9 . Spec if ically , the late st location , 26 miles 
ea st of Car lsbad in Section 21 , T 22 S ,  R 3 1  E,  is at elevat ion 1050 me ter s ,  
latitude 32 deg rees 22 . 4 8 mi nu te s  nor th ,  and longitude 10 3 deg rees 47 . 2 4 
minu tes west . 
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Unt il May 1977 the meteorolog ical mon itor ing system cons isted of the following 
sensor s :  

• Average wind speed , 10 mete r s  • Prec ipitat ion , 1 mete r 
• Wi nd d i r ection ,  10 meters • Ion i z ing radiation , 1 me ter 
• Humidity , 10 mete r s  • Sky rad iation ,  3 meters 
• Pressu re , 1 meter • Tempe rature , 10 me te r s  

These sensor s we re inte r faced with signa l  cond it ioners ; the i r  output wa s 
recorded by a data logger and a s tr ip-char t  r ecorder . The data logger sequen
t ially sampled data at about three channel s  per second and displayed output 
vol tages on paper tape . App ropr i a te calibrations we re made to conver t  th i s  
information to eng ineer ing un its .  Compute r programs we r e  wr itten to convert 
and store the data . Peak wind speed was obta ined by visually scann ing the 
wind-speed str ip chart and find ing the maximum wind speed dur ing the hour pre
ced ing the report hour . 

From November 1977 through March 1980  the meteorolog ical system provided 
data as descr ibed in Table J-2 . The on-s i te meteorolog ical sys tem wa s 
de signed to comply with mos t  of the c r ite r ia in NRC Regulatory Guide 1 . 2 3 .  In 
September 1 9 78 the 30-meter instr uments were ra ised to 40 meters to insure 
compli ance with th is regulatory gu ide . 

The data are managed and proce ssed with a system of two PDP 11/03 mini
compu ter s ,  each capable of manag ing 40 channels of inf ormat ion .  Record ing is  
made direc tly on a nine-track inc rementa l magnetic tape . The_ wind speed and 
wind d i rection continue to be r ecorded on a str ip chart  for a backup r ecord .  

The sen sor s  in the pre sent system are supplied by the Climatron ic s  
Corporation .  An exception is the ra in gauge , wh ich is  supplied by Texa s 
Elec tron ics.  The sensor s  are descr ibed in Table J-3 . 

In add i tion to the above sensor s ,  four solar and ter restrial rad iation 
sensor s have been added to the system at a he ight of 3 meter s .  Of two pyra
nome ter s ,  one mea su res the di rect component of sunlight and the d i ffuse , 
shor t-wave component of the skylight; the other mea sure s the re f lec ted shor t
wave component f rom the sur face . Of two pyrgeome ter s ,  one measures the long
wave sky light components from the downwa rd emi ssion of atmospher ic gase s ;  the 
other measu res the upwa rd emission and reflection by natu ral sur faces and 
atmospher ic gase s .  

The py ranometer ( Eppley Model PSP )  ha s the following spec if ication s :  

Sen s i t iv i ty 
Impedance 
Tempera ture dependence 
Linea r ity 
Mechan ical vibration 
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9 mV/ (W/m2 ) 
6 50 ohms 
+1% over -20 to +4ooc 
+0 . 5 % from 0 to 1800  W/m2 
Te sted to 20g 
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Figure J-9. Location of the meteorology and air-qual ity-monitoring station. 

The pyrgeometer is an Eppley Model PIR7 it ha s the following 
spec ifications:  

Sensi tivi ty 
Impedance 
Temperature dependence 
L i near ity 
Mechanical vibration 

3 mV/ (W/m2 ) 
7 0 0  ohms 
+2% over -20 to +40CC 
+1% from O to 700 W/m2 

Tested to 20g 

Maintenance and calibration of all the sensor s are per formed on a formal , 
per i odic bas i s .  

Add iticnal source s o f  sur face meteorological data used in the s i te meteor
ological analysis are the Carlsbad-airpor t ,  Hobbs , and Roswell stations that 
repor t to the National Climatic Center . Upper-air data have come from the 
Albuquerque , El Paso , Midland-Odessa , and Lubbock stations that report to the 
Nati cnal Climatic Center . 
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Table J-2 .  Summary of Meteorolog ical Measuremen ts 

He ight Sampling Recording 
Paramete r (mete r s )  interval interval 

Pre ssu re 3 1 hour 1 hour 
Prec ipitat ion 1 l hour 1 hour 
Dew po int 3 1 hour 1 hou r 
Temperature 3 ,  w ,  3o a 15 sec 15 sec 
Wind speed 3 ,  w ,  � a  0 . 1  secb 15 sec 
Wi nd direc tion 3 ,  w ,  3o a 0 . 1  sec 15 sec 

Tempera ture diff erence 10-3 ,  30 -3 , 15 sec 15 sec 
30- 10 

mb 
cm 
oc 
� 
m/sec 

Un its 

degrees clock
wise f rom north 

� 

aTh is he ight wa s ra ised to 4 0  m in September 19 7 8 . 
bFor each of the three levels of wind data , the 10 -per-second sample s 

a re p roce ss ed to produce 15- second values of mean component value s ( east-west , 
nor th-south ) ,  standard dev iat ion of each component , coe ffic ient of cor relation 
between the two componen ts ,  standard deviations of downwi nd and crosswind com
ponents , and downwind and crosswind components of tur bulence intensity .  

J . 1 . 4  Air Qua lity 

Air-quality mea surements have been made at the meteor olog ic�l stat ion , 
wh ich has been at three locations since data coll ect ion began in ear ly 1976 
( Figure J-9 ) . From January to June 1976 the mea suremen ts were made at the 
AEC-8 dr i lling pad . The locat ion wa s changed in June 1976 to the s i te of the 
old Badger we ll in Sec tion 15 , R 31 E ,  T 22 S ,  and in May 1977 to the most 
r ecent loca tion in Section 2 1 .  Ai r-qua lity measu rements we re suspended in 
October 1979 . 

The air-quality data co llec ted at the site and the method s of collec t ion 
have been documen ted by Brewer and Metcalf (1977 ) . Air-quality samples are 
analyzed for tota l suspended par ticulate s ,  sulfur dioxide , n itrogen diox ide , 
hydrog en sulfide ,  carbon monox ide , and ozone . The prog ram as opera ted before 
November 1977 is de scr ibed below . 

Tota l-suspended-par ticulate sample s were ta ken with a high-volume air 
sampler that or ig inally had its collec tor head attached to the instrument 
tra iler towe r 4 feet above the tra iler roof . The sample s we re collected on 
gla ss f iber or on Whatman 4 1  4-i nch-diameter fil ter s .  Samples we re collec ted 
for 24 hours at a constant sampling ra te of 18 . 5  ft3 /mi n .  The sampl ing rate 
was ma inta i ned by flow controllers . Each sample wa s analyz ed for the concen
tration of sod ium , potass ium ,  calc i um ,  magne sium ,  sil icon , iron , aluminum , 
chlor ide , and sulfate .  These elements and species were selec ted becau se they 
are effluents re leased by the nearby potash-refining plants .  The wate r
soluble metals , sulfate , and chlor ide were extrac ted from the f i lter by heat
ing in an aqueou s  solution for 2 hours . Sulfate s and chlor ides we re ana lyzed 
by turbid ime tr ic and color imetr ic method s ,  respect ively . Af ter extract ion , 
the filte r s  were dissolved in concentrated nitr ic ac id , and the elements we re 
analyz ed by a tomic-absorption spec trophotometry . 
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Table J-3 .  Spec if icat ions on Meteorological Sensors Used 

Th reshold 
Distance constant 
Accu racy 
Range 
Li near ity 
Stability 
Surv ivab i l ity 

Th reshold 
Distance constant 
Accu racy 
Damping ratio 
Range 
Linear ity 
Stab i lity 
Survivabili ty 

Range 
Accuracy 
Linear ity 

Range 
Accuracy 
Response time 

Accuracy 
Range 

Range 
Linear ity 
Sensitivity 

Type 
Measurement 
S ig nal out 

WIND SPEED 

0 . 33 m/sec 
1 .  S meter s  
0 . 1 m/sec or tl% , wh ichever g reater 
0 . 3  to SO m/sec 
+0 . 1% of full scale 
+0 . 1% of full scale 
Gu sts to 4S m/s ec , su sta i ned to 33 m/sec 

WIND DIR�TION 

0 . 33 m/sec 
1.  S meter s  
t2 · S deg r ee s  
0 . 4  degree a t  10 -deg ree angle o f  attack 
0 to S40 deg rees 
+0 . 1% of full scale 
+0 . 1% of full scale 
Gusts to 4S m/sec , susta ined to 33 m/sec 

TEMPERATURE 

-30 to +so0c 
+o . 2 s0c 
+o . 2 oe 

DE.W POINT 

-40 to +4 2°c 
+o . s0c 
loC/min 

TEMPERATURE DIFFERENTIAL 

O . loC 
-2 to + l0 °c 

STATION PRESSURE 

B SO to 97S mb 
+0 . 3 %  
0 . 2% 

RAIN GAUGE 

Tipping bucket 
0 . 0 1-inch water per tip 
Momentary switch closu re 
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Air samples for par ticle-size dete rmi nation and mineralogical analysis 
were tak en f or per iods of 5 to 7 days once a month .  A Sierra Cascade impac tor 
with five stages was used . The impac tor wa s  or ig inally located on the tra iler 
roof , about 12 f eet above the g round . 

Sulf ur dioxide , hydrogen sulf ide , and nitrogen dioxide were determined by 
wet-chemistry techn iques . The sampling f requency was once a week on a 
random-day basi s . The we t-chemi stry sampler was located about 3 feet above 
the roof of the meteorolog ical tra iler . The sampling rate was 200 ml/min in 
h igh-e ff ic iency bubblers . The sulf ur dioxide and nitrogen dioxide sample s 
were analyz ed color imetr ically 1 the hydrogen sulfide samples were ti trated . 
The method s used were standard ized through the use of samples of known 
concentrations . 

Car bon monoxide wa s  detec ted with a cont inuous nond isper s ive infrared 
analyzer . An ave rage concentration for each 24 hours was calculated . The 
mon itor wa s  calibrated weekly by means of a carbon monoxide- in-n itrogen gas 
standard . The mon i tor sampling inlet was inside the hou sing of the Sierra 
ca scade impac tor . 

Ozone wa s  mea sured continuously with an au tomated ultrav iolet-absorption 
detection techn ique . An aver age concentration for each 24 hours was calcu
lated . The ozone mon itor was calibrated weekly by elec tronic method s . 

Af ter November 1977 , changes were made to the or iginal system for air
quality mon itor ing . The system wa s  automated to reduce recording by person
nel . Of pr imary impor tance was the introduction of a redundant system of PDP 
11/03 mi nicompute r s  to manage data inpu t from the sampli ng dev ice s .  The con
centrations of all mon i tored species are mon i tored by the min icompu ter s .  The 
data are averaged and recorded every 15 seconds .  The spec ies continuously 
mCJ'l i tored are ozone , oxides of n i trogen , carbon monox ide , total hydrocarbon s ,  
sulf ur d ioxide , and hydrogen sulf ide . 

Changes in pollutant-detection techn ique s afte r  November 1977 inc luded new 
methods f or sulfur d ioxi de and hydrogen sulf ide , wh ich were then measured with 
pulsed-ultrav iolet-fluorescence detectors 1 total hydrocarbon s ,  which were then 
measu r ed with a flame- i on iz ation de tec tor 1 and oxides of n i trogen,  wh ich were 
then mea sured by a chemilumine scence technique . Total-par ticulate sample s were 
analyz ed for lead for abou t 6 month s .  Th is analysis was in add it ion to the 
other elements mea sured before November 1977 . No lead wa s detected in any of 
the samples dur ing th is 6-month interval , and the analysis was therefore 
discontinued . All elemen ts are analyz ed by atomic-absorption spec trometry . 

The location of some of the sampling equ iixnent was al so changed . The 
S ierra Cascade impac tor wa s  relocated 12 feet above the ground on a sampling 
platform.  The h i gh-volume sampler and the wet-chemistry sampler inlet,  a 
chemical sampler now used as a backup system, are also on the platform at 
he igh ts of 10 and 8 f eet , respect ively . The preoperational prog ram sampler s  
will rema in at these levels . 
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J . 1 . 5 Ecology 

From 1975 through 1977 , the New Mexico Env ironmenta l Institute (NMEI ) 
carr i ed out envi ronmental base line stud ies for the IX>E in the area of the WI PP 
si te . The ir re sults are published in two prog ress repor ts (Wolfe et al . ,  
1 9 77 a ,  1 9 77b) . 

Dur ing 1977 , the b iolog ical team wa s  reor gan ized . Base l i ne studies were 
continued and in some cases augmented . The area with in a 5-mi le rad ius of the 
center of the WIPP site wa s designa ted the Terr estr ial Ecology Study Ar ea.  
Semipermanent trans ec ts ,  un fenced plots , and exclosures have been e s tabl ished 
in connec tion with these stud ies . Some will be reta ined as permanent sites 
for ecolog ical mon i tor ing dur ing and af ter the ope rat ional per i od .  Field and 
labor ator y method s are deta iled in the annual repor t for fiscal year 1978  (Best 
and Neuhauser , 1 9 79 ) . 

All major habitats with in the st udy area have been and are being sampled 
sea sona lly for plants , mammal s ,  b i rds , rept iles , amphibians , ter restr ial 
inver tebrate s ,  and aquatic spec ies . In add it ion , microbial flora , so ils , 
and nu tr i ent cyc ling have been and are be ing stud i ed . 

So il stud ies 

The obj ec tives of the so il st udies are ( 1 )  to con f i rm and ref ine the 
phys ical and chemical descr iptions of the ma j or so ils ser ies in the study 
area 1 ( 2 )  to study so i l-wa te r-plant re la tionship s 1  and ( 3 )  to characte r ize 
biolog ica lly media ted chemical transf ormat ions in the soil . These ac tivities 
are be ing car r ied out in close cooperat ion with the vegeta tion mapp ing work 
because plant commun ity composition is of ten s trongly influenced by soil 
charac ter istics . 

Microbial proce sses in te rr estr ial and aquatic commun it ies are be ing 
stud i ed to determi ne pr imary product ivity and to a ssess what impact these proc
esses may have on rad ionuc lide mobilizat ion or demobili z ation .  Fur thermore , 
soil cru sts o f  cyanobac ter ia and lichens have been descr ibed at the s i te 1  they 
cover large areas of so il and are thought to contr ibute significantly to so i l  
stab i lization . The a ff ec ts of c l imatic var iation on these crusts and the rate 
of colon i z ation of fre shly bared sur faces are of inte rest because the magn itude 
of w i nd  and water eros i on at the s i te may be influenced by changes in the soil 
crust . 

Botan ical stud ies 

The obj ec tives of botan ical stud ies are ( 1 )  to obta in as complete a 
spec ies l ist as possible , with spec ial attention to poss ible rar e ,  threa tened , 
or endangered spec ies 1 and ( 2 )  to gather density and distr ibut ion da ta in order 
to constr uct a vegetation map and to determine pr imary produc t ivity .  The re
produc tive and vegeta tive phenophases of dominant spec ies are also be ing de
termi ned . These da ta can be correlated w ith so il data , as noted above,  and 
with da ta on consumer s ( amphib ians , reptile s ,  bird s ,  and mammals)  to prov ide a 
pictu re of troph ic relationsh ips at the s i te .  Annual and sea sonal var iat ions 
due to changes in ra infall and other climatic fac tors  are recorded . These var
iations , wh ich d i rectly a ffect many populat ions of pr imary consumer s ,  are of ten 
extreme in th is semiar id reg ion . Baseline data cover ing several years  will , 
however ,  provide a reliable estima te of the magni tude o f  natural var iat ion . 

J-22 



The success ion of plant commun ities that occurs in disturbed areas and the 
impact of g razing p re ssure on existing plant commun ities are also be ing stud i ed 
becau se WIPP construc tion must inev itably cause at least localized disturbances 
that w i ll al ter the str ucture of plant commun ities as de fined by the baseline 
da ta .  The obj ec t ive of these stud ies is to obta in data that will make it pos
s ible to predict the k i nd and the magnitude of changes induced by such d isturb
ances.  

Terrestr ial inver tebrate stud ies 

In add it ion to provid ing an inventory list of inver tebrate s in the study 
area , the studies focus on the role of so il arthropod s ,  e specially termi te s ,  
in the cycling of so il nu tr ients and detr itu s .  I n  add it ion to density and 
d istr ibution data , feeding rates and estimates of the quantities and types of 
mater ial transpor ted and consumed are be ing made : the effec ts of te rmite s on 
soil movement and red istr ibution are al so be ing measured . As ide f rom the i r  
cruc ial role in nutr ient cycli ng i n  this ecosystem , the termites may affec t 
the d istr ibution of rad ionuclides deposi ted on so il and plant sur faces . 

Ter r e str ial ver tebrate stud ies 

The spec ies compos it ion and density d istr ibution of terrestr ial ver te
b rates within the study area are be ing stud ied, as are the feeding hab i ts ,  
population dynamic s ,  and reproductive phenology of selected spec ies . These 
stud ies i nclude amph ibians , rept iles , bi rd s ,  and mammals .  S ign if icant annual 
changes in densit ies are cor related with plant density and weather data . 
Special attention is g iven to the possible p resence of rare , threatened , or 
endangered spec ies . 

1'guatic stud ies 

The obj ec tive of the aquatic stud ies is to establish baseline levels for 
parameters of sign if icance at the aquat ic study s i te s .  These i nclude phys ical
chemical water-qua lity data , density , and population dynamics data for flora 
and fauna at ma j or trophic level s .  Study s i tes are located at stock tanks 
within the te rrestr ial study area , nearby playas ,  Laguna Grande de la Sal , and 
several stations along the Pecos River . The poss ible presence of rar e ,  threat
ened , or endangered spec ies is given spec ial attent ion . 

Rad ioecolog ical mon itor ing 

As a re sult of the above stud ies , ind icator organisms will be selected for 
long-term mon itor ing .  Fac tors involved in the selection proce ss will i nclude 
troph ic leve l ,  sensitiv ity to other ecolog ical stresse s ,  and diff iculty and 
expense of mon i tor ing . Organ isms at h igh trophic levels shou1a be i ncluded to 
detec t biomagnification . However ,  several otherwise suitable spec ies--for 
example , hawks--are r are and/or protec ted by law . Thus , the se lection process 
must consider such fac tors as well as str ictly techn ical con siderations . Final 
developnent of a mon i tor ing prog ram cannot take place until all baseline data 
are ana lyz ed .  
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J . 1 . 6  Rad iat ion Mon itor ing 

A rad iation-mon itor ing program has been establi shed at the WIPP s ite to 
a sse ss the level of natural b ackg round r ad iation in the a r ea and i ts var ia
t ions with time . Th is program will continue at its present level unt i l  about 
2 years pr ior to the expec ted beginning of plant operation .  At that t ime , the 
program wil l  be inc reased in scope to be consistent with the requirements of 
ERDA Manual Chapter 0 5 13--the cur r ent DOE regulations for preope rational envi
ronmental mon itor ing . 

When the cur r ent env i ronmental sampling program wa s  instituted , no site
spec ific me teorolog ical data were ava ilable to use in choosing samp ling loca
t ions , nor had a potential site been selec ted for the WIPP sur face fac il i t i e s .  
Therefor e ,  several s i tes we re selec ted that would b e  acce s sible and would pro
v ide informat ion on the var iability of the radiat ion bac kground within the 
boundar ies of the s i te .  With the me teorolog ical data now ava i lable , the se
lec tion of future sampling locat ions can be based on EPA guideline s  for 
nuclear power plants ( EPA ORD/SID 7 2-2 ) , taking into account local ter ra i n ,  
popu lat ion distr ibu tion , and meteorolog ical cond ition s .  

The preoperational prog ram i s  char ac ter ized below ,  although it cannot be 
de scr ibed in deta il unt i l  the WIPP is  nearer to operation .  The construc t ion 
of the WI PP will have no e ffect on the r ad iolog ical levels of the environment 
except that the accumulation of mi ned-salt pile s ,  wh ich conta in na tural ly 
occu rr ing pota ss ium- 40 , radon- 2 20 , and r adon- 2 2 2 ,  may i nc r ease the s i te back
ground leve ls slightly . Mor e  deta il will be added when the full program beg ins 
2 years before the expec ted corranencement of ope ration .  Instr ument detec tion 
limi ts and sensit ivit ies will be selec ted to insure that radiation levels we ll 
below standards c an be detec ted . In add i tion , a str ict qua lity-a ssurance pro
gram wil l  be follo�ed . Procedure s will be wr i tten and standard ized for each 
type of analysis . Accu r acy and standardization will be ma inta i ned by rout ine 
quali ty-control procedu re s .  The quali ty-assurance program will also insure 
samples of suff ic i ent size to p rovide accurate measu rements . 

Air par ticulate s 

Air-par t iculate samples have been taken at the s i te meteorolog ical stat ion 
(Figu re J- 10 ) . Samples we re taken three t imes a week for 24 hou r s  by a h igh

volume air  sampler ( 18 . 5  ft3/min) with Whatman-4 1 f i l te r  med i a .  Gross beta 
concentrations a re measured by a beta propor t ional counter . If the beta ac t iv
ity exceed s 0 . 06 pCi/m3 , a garrana scan may also be tak en . 

For the preoperational mon i tor ing prog ram a network of a i r  samplers will 
be establi shed at and in the vicin ity of the WIPP site . Sampling site s  will 
be determi ned based on population d i str ibution , meteorolog ical conditions , and 
other fac to r s  to insure that both maximum and representat ive cond it ions can be 
detec ted . G ross alpha and g ross beta counting will be per formed on the f il ter 
med i a ,  and analyse s of the collec ted par t iculate s  will be per formed . 

If  the resul ts of the initial counting i nd icate that h igher than normal 
concentrations are pre sent , add it ional analyse s will be per formed to determine 
the source and type of nuclides in the samples .  
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Radionuclides in soil can be de termi ned by laboratory analyses of soil sam
ples ta ken at several locati ons in the vici nity of the WIPP site or by f i eld 
gamma spec tr oscopy at selected loca tions . Gamma-emi tt ing rad ionuclides could 
be determi ned by e i ther technique , but the presence of plutonium would have to 
be infer red f rom the mea surement of amer iciwn-241 if the in- s i tu technique is 
used. Initial soil prof ile samples would be necessary to determi ne the ver ti
cal distr ibution of any radionucl ides present . 

Direct gamma r adiation 

Levels of direct gamma radiation cur rently are be ing measured at the s i te .  
This prog ram will be continued on a l imited basis until 2 years before opera
tiai . The present program uses aie Reuter-S tokes pressur i zed ionization cham
ber at the meteorolog i cal station .  The radiation level is measured conti nu
ously and averaged on a wee kly basi s .  Gamma- radiation measurements are al so 
made at seven different locati ons (F igure J-11)  by thermoluminescent dosimeters 
(TLDs) . At each locati on ,  f ive TLD-100 chips are placed approximately 1 meter 
above the g round1 these are exchanged and evaluated quar terly . 

Two years before operation begins , the preoperational moni tor ing program 
will be increased in scope to include TLD stations at several additional sites 
i n  the vici nity of the WIPP s i te .  
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Figure J-1 1 .  Locations of thermoluminescent dosimeters 
in the site area. An additional thermolumines
cent dosimeter will be located in Carlsbad. 

One of the most impor tant aspects of the rad iological mon i tor ing program 
will be to moni tor g roundwater at available sampling locations (F igure J- 12) . 
Considerable attention will be given to groundwater mon i tor ing , since ground
water is a potential pathway for radionuclide transpor t .  Sampling locations 
at the si te will be establ i shed and sampli ng begun 2 years before operation . 
All si tes will be moni tored quar terly for gross alpha and g ross beta concentra
tion s .  I sotopes present in the water will be identif i ed by the analysis of 
gamma- ray spec tra .  

Beginning 2 years before the star t of operations , surface-water samples 
f rom the Pecos River will be taken on a routine schedule and possibly af ter 
per iods of rai nfall . Surface-water samples will be evaluated by gamma
spectr um isotope analyses . 



No we ll whose wa ter is used for human consumption exists within 5 miles of 
the s i te .  Public dr inking wa ter s upplies in Car l sbad , Loving , and Malaga are 
pre sently be ing mon itored annually by the EPA as a re sult of the Gnome projec t 
in 196 1 .  That mon i tor ing prog ram is d iscu ssed elsewhere in th is append i x .  

Sed iment ,  benth ic or gan isms , aquatic plants , fish , and shellfish 

No sampling of benth ic or gan isms , aquatic plants , f is h ,  or shellf ish is  
planned becau se the neare st sur face wate r ,  exclud ing wa te r  tanks , an impound
ment , and salt lakes , is 14 miles away f rom the s i te at its close st point . 
However , to account for the extremely remote poss ibility of rad ionuclide 
bu ildup on sedim ents over long per iods of t ime , base line rad iation levels in 
sed iments of the Pecos River will be determined : these will be compared with 
data obta i ned a f ter ope ration commences .  Such samples will be tak en along 
with sur face-wa te r samples and will be sub j ec ted to ganuna-spec tr um  isotope 
analyse s .  

Milk 

No milk sampli ng is planned since the nearest da iry farm is mor e than 
40 miles away . No commercial feed c rops are g rown within 10 miles of the 
s i te .  

Fr uits and vegetables 

No food crops for public consumption are grown within 10 miles of the 
s i te .  Therefor e ,  there are no plans to sample food c rops except for g reen 
lea fy vegetables and repre sentative fruits  from any pr ivate �arden plot that 
may come to ex i st with i n  5 miles of the s i te .  Sampling wili be per formed at 
each harve st . The ed ible por tions of these fruits and vegetable s will be 
s ubj ected to a gamma-spec tr um isotope analys is . The g reen leafy vegetable s 
will also be ana lyz ed for tr it ium .  The sampli ng of existing pr ivate garden 
plots w i ll start 2 years be fore operation beg ins.  

Meat and poultry 

At lea st one sample each of meat ,  poultry , and egg s from fowl , if any , 
feeding on land with in 10 miles of the s i te in the preva i ling downwi nd d i r ec
t ion will be collec ted annually . One of the major game spec ies ,  the mourning 
dove , w ill be co llec ted in season . One sample of beef from cattle g raz ing 
within 10 miles of the site in the preva iling downwind direction will be 
tak en annually , if ava i lable . Th is sampling will commence 2 years be fore the 
WIPP beg ins operat ing . Ed ible por tions will be analyzed for gamma-emitt ing 
rad io isotopes and the predomi nant ac tinides expected to be present in the 
wa ste emplaced in the WIPP . 

J . 2  PROPOSED OPERATIONAL MONITORING PROGRAMS 

The preoperational mon itor ing prog rams descr ibed in 
form the basis of the operational mon itor ing programs . 
g rams , however ,  w i ll pro f it from the exper i ence and the 
du r ing the preoperat ional pha se . 
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Figure J- 12.  Groundwater-sampling locations. 

J . 2 . 1  Geology 

Dur ing the constr uction and routine operation of the WIPP , several mon i tor� 
ing prog rams will be conducted to insure that no unacceptable geolog ic condi� ' 

tions ar e encountered or caused by development of the fac i l i ty .  

Underground moni tor ing 

As shafts are sunk and dr ifts ar e mi ned into the sal t ,  geologic mapping of 
stratig raphic units and structural features will be conducted regularly. 
Before mi ning dr if ts ,  hor i zontal pilot holes wil l  be cored along the dr ift 
paths and the rock examined to provide i nformation on phys ical properties . 
When sui table ,  radar sounding will be used to probe in advance of mi ning for 
pockets of br i ne or gas . 
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Deformation gauges will be installed at impor tant locat ions in the shaft 
pillar reg ion and in  maj or haulage-and- acce ss dr ifts . These gauges w i ll be 
mon itored regular ly and compar ed w ith expec ted de format ions calculated by rock
mechan ic s compu ter codes . The shqfts w i ll be regular ly inspec ted to detect any 
unu sual movemen t of the shaft wa lls . 

Bulk sa lt samples obta ined from the wa ste-storage and exper iment rooms 
w ill be analyz ed to de termine the chemical mak eup ,  br ine con tent , mechan ical 
proper t ies , and thermal proper ties . Th is sampl ing will establish whether the 
med ium ha s been adequate ly descr ibed f rom ear lier , more l im i ted , sample s .  If 
the dev iat ions in proper t ies are signif icant , new calculat ions will be per
formed to descr ibe the repository behav i or .  

Sur face mea surements of geolog ic par amete r s  

Continuou s mon i tor ing of se ismic ac t iv i ty w ill be conducted by se i smom
ete r s  located near the sur face bu ild ings bu t remote enough to avo id micro
se i sms produced by human act iv ities . Th is . stat ion w i ll mon i tor reg ional and 
local natural se ismi c ity and microse isms tha t may develop from subs idence ; it  
w i ll document the g round mot ions imposed on sur face fac i lities . 

Sur face leve l-l i ne stat ions that have been and will be installed ove r  the 
s i te w ill be resurveyed regular ly , per haps every 1 to 5 year s ,  to deta i l  the 
movement of the sur face in re sponse to thermal load ing and r oom collapse . The 
resul ts w i ll be compar ed w i th calcula ted results to mon i tor room collapse after 
ind iv idual r ooms or sec t ions of the WIPP have been closed . 

J . 2 . 2  Hydrology 

The hydrolog ic prog ram descr ibed in th is append ix is expec ted to extend 
well beyond the operational l ifet ime of the WI PP . Long-term proposals i nclude 
the installation of water -level recorders in all mon itored we lls .  The cont inu
ous output f rom the r ecorder s w i ll be cor rela ted w i th barometr ic data f rom the 
local weather stat ion to elimi nate atmospher ic influences in wa te r-level fluc
tuat i ons . 

The sur face hydrology of the reg ion will be de f ined in terms of the ma jor 
components that contr i bu te to sur face flows and water quality .  Water balances 
in cr it ical area s of interest or local wa ter shed s will be inve st igated to 
e s tabl ish the scope of aqu ifer r echarge and to pred ic t  hydrolog ic changes . 
Mea surement programs for spr ing flows , pota sh effluen t ,  and other sur face run
o ff w i ll be carr i ed out .  

I t  i s  expec ted that g roundwater sampling for long-term mon itor ing will be 
per f ormed on an annual ba s i s .  However ,  a f ter min ing for the WI PP has star ted , 
sampling will be qua r te r ly unt il cond it ions stab i l i z e .  The inc reased frequency 
of measu rement will  permit ear ly detection of changes in g roundwater sys tems 
f rom min ing and construc tion ac tiv i t ies . 
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J . 2 . 3  Meteorology 

The operational mon itor ing program will follow the preoperational program 
ver y closely . The measu rements tak en dur i ng the preope rational phase will 
continue to be taken at a permanently establi shed mon itor ing stat ion . The 
i nc r eased amounts of data w ill be used to better char ac terize the meteoro
log ical cond it ions at the site . 

J . 2 . 4 Air Qual ity 

The operat ional air-quality mon itor ing program is expec ted to be ident ical 
with the preope rational prog ram . The prog ram w i ll rema in flex ible , however ,  
to meet the requiremen ts of new sampl i ng regula tions and guideline s ,  e ither 
S ta te or Fede ral . The prog ram , in all case s ,  will be adequate to e stab lish 
whether or not S ta te and Federal air-quality standards are be ing met .  

J . 2 . 5  Ecology 

The operat ional ecolog ical mon itor ing program , bu i ld ing on the foundat ion 
establ ished through preope rational ecolog ical mon i tor ing , will document the 
ecological eff ec ts of construc tion and operation .  The proposed mon itor ing plan 
w i ll be flexible to permit mod i fications . Initial exper i ence may suggest s uch 
mod ificat ions as changes in instr umentation ,  add it ion or delet ion of param
e ter s ,  ad j u s tments in the number and location of sampling stations , or a l te ra
tions in the frequency of observa t ions and the number of repl icat ions . 

Sampling methods and strategy wi ll follow those presented in the preopera
tional bio logical ITK>n itor ing program, unless there is  sub stant ial reason to 
mod ify them . However ,  ope rational mon i tor ing w i ll focus pr imar i ly on ind ica
tor organisms and se lec ted abiot ic par amete r s . Biolog ical da ta will be col
lec ted near meteorolog ical and r ad i ation-mon i tor ing stations ( when possible) 
to fac ilitate cor r e lation with da ta collec ted at these station s .  Sample s will 
be co llec ted dur ing each sea son at biolog ically s ign i f icant t ime s (as deter
mi ned through preoperational ITK>n itor ing) . When unu sual trends are observed , 
sampling w i ll be intensified to eluc i da te the cause.  Unusual tr ends w ill not 
necessar ily be attr ibutable to the WIPP becau se biota re spond dramatically to 
fl uctuations in rainfall and r e source ava i labi lity .  

Informat ion generated by the operat ional ( and preopera tional)  mon itor ing 
prog ram will be pub l ished by the pr i nc ipal inve st iga tors in r ecogn ized profes
sional journals and pre sented at appropr iate meet ings and sympos i a .  In add i
tion , all work will be r eviewed by an independent commi ttee of sc ientists f rom 
appropr iate fi e lds . These prac tices will insure tha t da ta are be ing collec ted 
and interpreted according to the most up- to- da te profess ional standard s .  

J . 2 . 6  Rad iat ion Mon itor ing 

The rad iat ion-mon itor ing program provides data on mea surable levels of 
r ad .i_ , ,ac t i v i ty in e f fluents and the environment . Th is mon i tor ing is done to 
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assist in evaluating the re lationships between the radioactivity re leased in 
e ffluents and the resul tant rad iation doses rece ived by people beyond the 
boundar ies of the site through cred ible pathways of exposure . 

The o ff-site envi r onmental rad iation moni tor ing prog ram , coupled with on
site effluent mon itor ing , per forms the following func tions : 

1 .  It  ident ifies measu rable changes in off-s i te rad iation levels or 
quant it ies of biolog ically signif icant radionuclides . 

2 .  It provides a means of determin ing whether off-site rad iat ion 
exposures are mainta ined as low as reasonably ach ievable and are 
within applicable l imits . 

3 .  I t  prov ides a means of evaluating the impac t of WIPP operat ions on the 
envi ronment . 

Both the on-site and off-site effluent and env ironmental monitor ing programs 
are d iscuss ed  below .  

Effluent mon itor ing 

The gaseous-exhaust systems provide potent ial pathways for the release of 
a i rborne rad i onuclides . The effluent mon i tor ing system located at each 
release point will consist of mea sur ing dev ices that sample airborne 
particulate rad i oac t iv ity .  

Sampler s will be installed at the release points to collect the par ticulate 
activity f rom a rep resentative fraction of the total volume of air be ing 
dischar ged at the re lease point . The samplers will consist of a probe into 
the air  stream , a filter holder , and a vaculD'!I s upply . The sampling probe will 
be designed in accordance with ANSI Nl3 . l-1969 . The sampling flow rate and 
probe will be designed so that the part icle velocity in the e ffluent stream 
will be the same as the par ticle veloc ity in the sample probe . Th is will 
e l imi nate part icle-size biases in the sampler . A sample flow- rate controller 
wil l ma inta in constant sample flow as the filte r  collects dust . Th is will 
i nc rease the pressure drop across the f i l ter and tend to reduce sample flow .  

Other design feature s to b e  incorporated to improve sampling eff ic iency 
i nclude the following : 

1 .  Elec tr ically ground ing the probe to min imi z e  electrostatic deposition 

2 .  Des ign ing the inter ior fin ish and general arrangement of the probe to 
min imi z e  turbu lent depos it ion 

3 .  Locating the filter holder as close to the probe as poss ible to 
mi nimi z e  par ticle fallout in the transpor t line 

4 .  Insulating and , if nece ssary , electr ica lly heating the lines between 
the probe and the filte r  holder to eliminate condensat ion 

5 .  Provid ing a flush line to allow per iodic clean ing of the probe and the 
transpor t line if necessary 
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The filter holder will be designed to prevent lea kage of amb ient air  into 
the filter holder and to s upport the f ilter paper under · the design pressure of 
the vacuum supply . Fur thermore , the holder will be designed so that par t icu
late ma tter is un if ormly depos ited on the f ilter paper to avo id i ne fficiencies 
in sample counting . 

The samplers will prov ide a record of the total airbor ne par t iculate 
radioactivity d is charged . In order to provide the lowest min imum detectable 
concentrat ion at the dischar ge point , the sampl ing per iods will be as long as 
poss ible so that the largest pract ical volume of a ir is sampled . 

Both alpha and beta-gamma continuous air mon itor s will be located at the 
release poi nts . These instr uments will sample a i r  f rom the release point 
through a probe simi lar to that designed for the filter sampler . The sample 
flow wi ll be split so that ha lf of the a ir be ing sampled is d i r ec ted to each 
of the instr ument s .  

The sensit ivity of the beta instr ument will be such that a concentrat ion of 
1 x lo -12 microcur ie of stront ium-go and ytt r ium-90 per cub ic cent imeter pro
duces a response of about 11 counts per minute after 4 hours at a sampling flow 
of 60 liters per minute . Alpha instr ument sensitivity will be such that the 
re lease-point maximum permi ssible plutonium-239 concentrat ion ( 2  x lo-12 

mic rocur ie per cubic cent imete r )  can be detected in 4 hours at a sampling flow 
rate of 60 lite r s  per minute . The instruments will be des igned to meet the 
requi rements of ANS I Nl3 . 10-1 974 . The rad ionuclide inventory of the WIPP will 
be such that there will be no need to mon itor continuously for e ither iod ine 
or noble gases . 

The eff luent-m�n itor ing systems will be designed to withstand the effec ts 
of a de sign-ba s is earthquake and s upplied with emergency power to allow mon i
tor ing in the event of a powe r failure . 

Envi ronmental rad iation mon itor ing 

Afte r the WIPP beg ins operating ,  a program for mon itor ing environmental 
rad iati on levels will be ope rated continuously in order to ver ify proj ected or 
expec ted rad ioac tivity concentrat ions and re lated public exposures in accord
ance with ERDA Manual Chapter 0 513 . When ope rations beg i n ,  the ope rat ional 
mon itor ing program is expec ted to be essentially identical with the preopera
tional mon itor ing program . Initially , at lea st ,  the same media will be sam
pled , the same samplin� locat ions will be mon itored , and the same types of 
analyses will be made . However , the ope rational program will be flexible � i t  
will b e  continua lly reevaluated and mod ifi ed if  needed . A str ict quality
control prog ram wi ll be followed to insure the accuracy of samples and measu re
ments . If any add it ional rad ioactivity is detected beyond the levels expected 
f rom preoperational mon itor ing results , an immed iate prog ram of evaluation will 
be under taken to discover and eliminate the cause . 

E?;iu ipnent sensitivities 

The equipmen t used 
sensi tivities requi red 
10 CFR 20 , Append ix B .  
ually be evaluated for 

for mea surement dur ing operat ion will meet or exceed the 
to detect radi ation levels below the limits descr ibed in 

State-of-the-art equ ipment and instr uments will contin
i ncorporation into the mon itor ing program .  
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Data repor t ing 

Annual repor ts will summar ize the envi ronmental-sample mon itor ing . These 
reports w i ll p rovide applicable data in the format requ i r ed by ERDA Manual 
Chapter 0513 . They wil l  inc lude the results of envi ronmental ac tivities and 
a ssessments of observed envi ronmental impac ts . 

J . 3  POSTOPERATIONAL MONITORING PROGRAMS 

The ba sic purpose of geologic d isposal is to isolate wa stes from the bio
sphere so that surve illance will not be needed afte r the repository is closed . 
I ndeed , the WI PP will not be closed up at all if there is any ser ious concern 
regard ing the post-decommission ing r isk . 

For a l imi ted time after the WI PP is decomm issioned , mon itor ing will con
tinue . Th is mon itor ing wil l , for the mos t par t ,  be a cont inuat ion of the 
ope rational moni tor ing prog ram . The rationale f or the postoperational moni
tor ing prog ram is presented in th is sec tion . 

The obj ective of postope rational mon i tor ing is to g ive t imely warning of 
rad ionuclide re leases or of events or processes that may precede the release 
of radionuc lides to the environment . Th is goal will requ i re measures to as
sure people in the future that no gross underest imate of r is ks has been made . 
It  is expec ted that th is can be accompl ished by per iodic , rather than continu
ous ,  observations and that the mon itor ing program would not -be complex.  

Three k i nds of post-decomm ission ing mon itor ing appear to be appropr iate : 
geolog ic , hydrolog i c ,  and radiolog ic . Possible mea surements are outlined in 
Table J- 4 .  Much of the ope rational mon i tor ing prog ram is des igned to de tec t 
impac ts assoc iated with the operat ion of the WIPP . Por tions of the opera
tional mal i tor ing prog ram , like measurements of e ffluents and me teorolog ical 
parameters , will no longer be appropr iate . 

Geolog ic mon i tor ing is pr imar ily concerned w ith de tecting var iations 
in geologic parameters that may reveal a release of radioactivity ,  whether 
the var iations are caused by natu ral geolog ic events or by the presence of the 
repos i tory .  The fundamenta l  measuremen t will be per iodic resurveys of the 
sur f ace to observe the depth and areal extent of s ubs idence a ssoc iated with 
closure of the subsur face cavities . In add ition ,  a per iodic sur face geolog ic 
r econna issance w i ll be conducted for fractures and other phenomena indicat ive 
of subsur face movement .  Borehole mon itor ing would not be undertaken because 
holes located close enough to the wa ste to measure geologic movement and sub
sur face tempera ture s would at the same time breach the natural integr ity of 
the strata over or near the waste .  

The postoperational radiation-mon itor ing program will include measure
ments of ac tivity levels in biolog ical indicator species . The sampling pro
gram will g ive direct assurance that some unant ic ipated event has not bypassed 
the natural and man-made barr iers aga inst release of rad ioactivity and that 
rad ionuc lides have not been missed in the rad iobiolog ical mon itor ing of down
g rad i ent g roundwater . useful i nd ica tor species will be des igna ted before de
commission ing . At the sur face above the disposal area , such sampling might be 
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Table J-4 . Outli ne of the Post-Decommiss ion i ng Mon itor ing Program 

Measu rement 

Bor ehole measu rement 
and sampling 

Gross alpha ac tivity 
Gross beta ac tiv ity 
Chemi stry 

Head mea surements 

Resurvey of 
sur face topog raphy 

Sampling of ind icator 
species 

Sampling of wa te r ,  
i nd ica tor species 

Locati on Frequency 

HYDROLOGIC MONITORING 

Holes down-
g rad i ent at a 
distance of 
2 miles or more 

5-10 yea r s  

GEX>LOG IC MONITOR ING 

Level line s  5- 10 yea r s  
across sur face 
of site 

RAD IOLOGICAL MONITOR ING 

At and near si te 5-10 years 

At groundwa te r 5-10 yea r s  
d ischarge 
points 

Obj ect ive 

To detec t mig rat ion 
of rad ionuc lide s 
out of disposal 
area 

To detec t any change 
in hydrology 

To detec t and 
mea su re subs idence 
and/or upl i f t  

To detec t releases 
d i r ectly 

To detec t releases 
di rectly 

of gra sses and game bird s .  At the groundwa te r discharge points in lowe r Nash 
Draw and along the Pecos River , s uch sampling might be of wa ter and per iphy ton . 

Hydrolog ic mon itor ing will continue almost und imi n ished from the opera
t i onal phase because g roundwater is the most likely pathway for radionuc lide 
tr anspor t in the long te rm.  The basic hydr olog ic mon itor ing will cons ist of 
per i od ic sampling and rad iobiolog ical analys is of wa ter f rom open borehole s  
downg rad ien t  from the disposal area . There are at present five hydrologic 
ho les in control zone IV that could be used for th is purpose ( holes P- 14 , P- 15 , 
P-17 , P-18 , and H-4 ) , and it may be necessary to dr ill mor e holes to el iminate 
the possibi l ity that a plume of released radionuc l ides might pa ss between moni
tor ing holes without be ing observed . The hydr olog ic te st holes in control zone 
II and all upg rad i ent te st holes w i ll be plugged .  The latter will not be 
needed , and to leave the former open would be to leave a potential connection 
be tween aqu ifers and Salado sal t .  
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J .  4 RELATED ENVI�ONMENTAL PROGRAMS BY OTHERS 

J . 4 . 1  Bu reau of Land Management 

In 1974 , the Bureau of Land Managemen t ( BIM) began preparation of a 
pre liminary regi onal environmental a ssessment r ecord ( FAR) (BIM, 1976a)  in 
or der to fulf ill  responsibil i t i es outli ned in the Nat ional Env ironmental 
Policy Act of 1 9 69 . The compilation of an FAR was the ma j or s tep towa rd the 
r e sumption of pota sh leasing and prospec ting in the Car l sbad area . The pre li m
i nary document was pub l ished i n  Oc tober 1975 , and the Execut ive Summary and 
Supplement ( BIM ,  197 6 a  and b) was completed in 1976 . Public-re ference copi e s  
o f  this document a re ava ilable i n  the c i ty librar ies of Car l sbad , Hobbs , and 
Albuquerque , as we ll as at the BIM off ices in Santa Fe and Albuque rque .  

J . 4 . 2 New Mex i co Envi r onmental Improvement Divis ion 

The New Mexico Env ironmenta l Improvement Agency ( now Divis ion )  per formed 
an a i r-qua lity a ssessment of the potash-mining ac t iv ities in the general area 
of the WIPP s i te . The asse ssment was under taken afte r apparent violations of 
the S ta te and Fede ral a i r-qua lity standards were mentioned in the environmen ta l 
a ssessment record of the BIM . The assessment analyz es the impac t of the pota sh 
i ndu stry on the a i r : the analysis used compu ter -mode ling techn iques to pred i c t  
average air-par t iculate leve ls i n  the vicin ity o f  the local pota sh mine s .  

The A i r  Qual ity Divi sion o f  the NMEID mon i tor� a i r  quality throughout the 
Sta te and prov ides da ta on the concentra t ions of tota l suspended par t iculate s ,  
s ulfur d ioxide , carbon monoxide , and ozone . The information r ecently gathe red 
in the vic in ity of the s i te is in the Mun ic ipal Bui ld ing in Car lsbad . Only 
total suspended par t iculates a re measured at the s i te .  Other s i tes of inter
est are at Ar te s i a ,  Hobb s ,  and Lov ing ton : data are ava ilable on microfiche on 
a semiannual ba s i s .  

J . 4 . 3  U . S .  Geological Survey 

The U . S .  Geolog ical Survey (USGS ) ha s had major involvement in character
i z ing the hydrology and geology of the a rea sur rounding the s i te .  The involve
ment wa s further intensi f i ed when the DOE ( and its predecessor s ,  ERDA and A.EX: )  
and BIM req uested deta i led stud ies i n  the area.  The AEX:: needed s i te cha rac ter
izat ion for Proj ec t Gnome in 1 96 1 :  the USGS per formed a deta i led hydrolog ic 
and geolog ic study of the Gnome s i te dur ing the per iod between 1 9 58 and 19 6 1 .  
The BIM needed ass istance in prepar ing the preliminary env i ronmental analy s i s  
r ecord and req ue sted input f rom the USGS . Al so , the State of New Mex ico ha s 
rece ived ass istance in the prepara t ion of hydrolog ic repor ts for many par ts of 
the S ta te , i ncluding the s i te .  On a routine mon i tor ing ba s i s ,  the USGS issue s  
a n  annua l gene r ic wa te r-data repor t .  The repor t descr ibes wa te r resources in 
the S ta te of New Mex ico ( USGS , 1977 ) . The deta i led data i nc lude d ischarge 
rates of streams and wa te r levels of selec ted we lls in the s i te area . Some 
chemical analyses of selec ted water samples a re al so documented in the same 
repor t .  Fur thermore ,  the USGS per forms environmenta l analyses for proposed 
o i l  and gas operations . Through th is proce ss , an a sse ssment of environmental 
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impac ts would be made before any fur ther development of Federal mi neral re
sou r ces would be a llowed . 

J . 4 . 4  Env ironmen tal Protec tion Agency , Las Vegas , Nevada 

The Environmental Protec tion Ag ency ( EPA) has per formed env i r onmenta l 
mon itor ing surveys in the vicin ity of the site as a result of Project Gnome . 
Except at the Nevada Test S i te ,  the EPA mon i tor s we lls , spr ings , and spr ing
fed sur face-wa ter sources at site s  where underground nuc lear detonations have 
tak en place ; the mon itor ing looks for the mig rat ion of r adionuc lides resul ting 
from the movemen t of g roundwa te r .  Consequently , a number of we lls in the 
v icin ity of the Gnome s i te are mon i tored annually by the EPA . In add i t ion to 
the wa ter mon itor ing ,  the EPA has mon itored rad ionucl ide concentrat ions in 
plant and an imal t issues collec ted at the Gnome s i te .  

J . 4 . 5  Pota sh Indu stry 

Some deta iled env i ronmen ta l  mon itor ing of the potash industry before 1976  
resul ted f rom the preliminary environmental a ssessment record .  Although the 
mon itor ing inc luded so il and well-water sampling , the potash mine s in the 
Car l sbad area do not gene rally have extens ive environmental mon i tor ing pro
g rams . Present levels of mon itor ing ar e beg inn ing to inc rease as a re sult of 
i n teraction w ith the NMEID . The most ex tens ive mon i tor ing prog rams i nclude the 
collec tion of meteorolog ical data and h igh-volume air sampling for total sus
pended part iculate s ; _ s uch prog rams are conduc ted at two of the seven potash 
mi nes in the vicinity of the WIPP site .  As State guidelines for h igh-volume 
sampling are formula ted , s imilar prog rams can be expec ted at other mines . 

J . 4 . 6  Nat ional Ocean ic and Atmospher ic Administrat ion 

The National Ocean ic and Atmospher ic Admin istration prov ides a C l imatolog
ical Data Publi cat ion , wh ich is published by the National Climatic Center 
(NCC ) . I t  is a compend ium of repor ts f rom selected weather stations through
out the United S tate s , �nd it inc ludes such data as temperature , da ily prec ipi
tation , wind speed , humid ity ,  and sky cove r .  More deta iled data are ava i lable 
through the NCC for selec ted site s .  Th is information is  ava ilable to the gen
eral publ ic through a monthly s ubscr iption service . However ,  meteorological 
data spec ific to the WIPP site are not ava ilable from the NCC . 

J . 4 . 7  New Mex ico Depar tment of Game and F ish 

A st udy being conduc ted by the New Mex ico Depar tmen t of Game and Fish 
w i ll provide information related to the WI PP biolog ical mon i tor i ng program. 
Th is st udy mon itors cond it ions and tr ends of range land s grazed by l ivestock 
and w ildlife in four southern New Mex ico counties ( i ncl�d ing Eddy County) . 
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J . 4 . 8  Ongoing Reg ional Ecological Studies 

In add ition to the comprehensive ecolog ical studies be ing carr ied out by 
the WIPP pro j ec t ,  several ecolog ical invest igations are be ing carr ied out in 
the region by gove rnmental agencies and un ivers ity resear chers . 

The Roswe ll Distr ict of the BIJ.i is completing an extens ive preliminary 
draft environmental statement ( PDES) on proposed livestock-graz ing practices 
on public lands in southeaste rn New Mexico , east of the Pecos River . In add i
tion ,  the BIJ.i is sponsor ing a g roundwater study related to potash min ing in 
the Reg ion (A. Gebel , personal commun icat ion , August 25 , 1978 ) . The pr imary 
que stions to be answered by the BIJ.i study are the following : 

1 .  Is fre sh wa te r in the Car lsbad potash area i n  danger of contaminat ion 
f rom cur r ent or expanded potash-min ing activity? 

2 .  Is the brackishne ss of the Pecos River below Malaga Bend in whole or 
in part attr ibu table to min ing act ivities? 

3 .  Is the amount of leakage from br ine-disposal ponds significant when 
compared to the tremendous volumes of naturally occurr ing br ines?  

The hydrology invest igat ion also inc ludes an evaluation of  phreatophy te s 
and wetland vegetation as water-qua lity i ndica tors and a botan ical evaluation 
of Nash Draw ( Geohydrology Assoc iate s ,  197 8 ) . 

The Bu reau of Reclamation at Amar illo , Texas , is continuing to update the 
project history of the Ma laga Bend Division-McMillan Del ta Proj ec t .  The Malaga 
Bend D ivision was an exper imental sa lin ity-alleviation proj ect intended to 
improve the wa ter quality in the Pecos River by lower ing the head of the br ine 
aqu ifer at Malaga Bend and thus diver ting the br ine .  In 1976 act ive mon i tor ing 
on the proj ec t was discontinued . 

The Bureau of Rec lamation at Amar illo is also currently prepar ing a 
supplement to i ts fi nal environmental impact statement on the Brantley Darn 
proj ec t ,  which is located on the Pecos River approximately 12  miles nor thwe st 
of Car lsbad . F ishery st udies have been conducted by the S ta te of New Mexico 
to determine the fish spec ies present in the area and to develop poss ible 
mitigation measu res to protect the rare f ish in Maj or Johnson Spr ing s .  

-· 
) Reynolds Elec tr ical & Eng ineer ing Co . , Inc . , has been conduct ing a radio-

. •og ical sur vey for the DOE Nevada Ope rations Off.ice at the Gnome s i te .  Pr� 
;ec t  Gnome wa s the first scientific exper iment in� the Plowshare Program i n  

( December 196 1 .  Portions o f  the 1-square-mile s i te were contaminated dur ing )line-bac k operations and pos tshot ac tivities . The survey involves monitor ing 
: · radiation levels and i ncludes decontami nation and decormnission ing of the s i te 

· ( D .  D .  Jack son , DOE,  per sonal commun ication , September 26 , 197 8 ) . 

Var ious proj ec ts are be ing carr i ed out in the s i te area by univer s i ty 
re searcher s .  For example , graduate students at Eastern New Mexico Un ive r s ity 
have been studying the f ish fauna in the Black River , an endemic subspecies of 
wh ite-ta iled deer at the Mescalero Sands in nor thern Eddy County , and pocket 
mice in ea stern Eddy County (A. L. Gennaro and J .  E. Sublette , Eastern New 
Mexico Un ivers ity , per sona l communication , September 21 , 197 8 ) . 
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'!be study being conducted by the New Mexico Depar tment of Game anq Fish , 
which will provide informatia'l of use to the WIPP biolog ical mon i tor ing 
prograa, was discusaed ear lier . 
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Append ix K 

METHODS USED IN LONG-TERM SAFETY ANALYSES 

K . l  HYDROLOGIC TRANSPORT 

K . 1 . 1 I ntroduc tion 

The numer ical model used for hydrolog ic-transpor t calculat ions wa s devel
oped by Intera Environmental Consul tants , I nc . , for the Nuclear Regula tory 
Commiss ion (Dillon et al . ,  1977 ) .  It is a ITK>d if ied ver s ion of a deep-we ll
d isposal model developed for the U . S .  Geolog ical Survey ( INTERCOMP ,  1976 ) . 
The ITK>del is three-d imens ional and uses fin ite-d ifference methods to solve a 
set of partial d i fferential equations descr ibing fluid flow , ener gy , sa lin ity , 
and rad ionuc lide concentrat ion in a porou s med ium. The bas ic equations are 
coupl ed by two propert ies of the fluid : dens ity and v iscos ity . 

Three bas ic coupled equations descr ibe the conservation of tota l liquid 
mass ,  the conservation of ener gy , and the conservation of the ma ss of a s ingle 
solu te in the fl u id . In add it ion ,  there are coupled equat ions descr ib ing the 
conservation of ma ss for each of the rad ioact ive constituents d issolved in the 
flu id : these equat ions are coupled by terms that account for rad ioactive decay 
and the produc tion of daughter rad ionuclides f rom decay ing par ent radio
nuclides . 

Th is set of equations pred icts the concentrat ions of rad ioac tive cons ti
tuents and of the spec i f i ed  i nert components . It also predic ts the temper 
ature and pre ss ure patterns that result from the flow and d ischarge of liquid 
waste .  The aqu ifer flu id proper ties are permi tted to be functions of the 
concentrat ion and temperature of liquid chemical waste . 

The ba sic physical a ssumptions conta ined in the model equa tions are as 
fo llows : 

1 .  Flow is three-d imens iona l ,  trans ient,  and lamina r .  

2 .  Flu id dens ity can be a function of the p re ssu r e ,  temperature , and 
concentrat ion of the inert componen t .  Flu id viscos ity can be a func
tion of tempe ratu re and concentration . 

3 .  Inj ec ted wa ste s can mix with the in-place flu ids . 

4 .  Aqu ifer properties vary with pos ition 1 i . e . , poros ity ,  permeabil-
ity , th ick ness , and elevation can be spec ified for each numer ical g r id 
block in the mode l .  

5 .  Hydr odynamic disper s ion is a func tion of flu id veloc ity . 
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6 .  Rad ioactive constituents ar e present in tr ace quan t i t ies on ly ; that 
is , fluid properties are independent of the concentrat ions of these 
contami nants .  

7 .  Chemi ca l reac tions among the rad ioact ive tr ace consti tuents and chemi
cal spec ies on the porous rock sur faces go to �qu i l ibr i um  instantane
ous ly . 

8 , The energy equa t ion can be descr ibed as " entha lpy in - entha lpy out = 
change in the i nterna l  ener gy of the system . "  Th is is r igorous except 
for kinetic energy and potent ial energy , wh ich have been neg lected . 

9 .  Boundary cond itions a llCM for natu ral water movement in the aqu ifer , 
heat los ses to ad j acent formations , and the locat ion of injec t ion , 
product ion ,  and observat ion po ints anywhere within the system . 

A mor e  techn ica l de scr ipt ion of the mode l equat ions is prov ided in the next 
subsection .  

K . 1 . 2 Reservoir  Model Equat ions 

Let x ,  y, z be a Car te s i an coord inate system and let Z ( x , y , z ) be the 
he ight of a po int above a hor izontal refer ence plane . The bas ic equation de
scr ib ing single-phase flCM in a porous med ium comb ines the cont inu ity equat ion 

V · p� + q ' 

and Dar cy ' s  law in three d imen sions , 

a 
= - - (�p ) a t  

u • -�Vp - p qVZ) µ 

(Symbols ar e de fined in Table K-1 . ) The basic flow equa t ion is then 

( K- 1 )  

( K- 2 )  

V •  � (Vp - p qVZ)  - q ' • j_ (�p ) ( K- 3 )  µ a t  

The ener gy balance de fined .as ( enthalpy in - enthalpy out = change i n  interna l 
energy ) is de scr ibed by the energy equat ion 

(K- 4 )  

K-2 



The five ter ms on the le ft-hand side of Equa tion K-4 de scr ibe ne t energy con
vection ,  conduction ,  heat loss to sur round ing strata , entha lpy accompanying a 
fluid source , and ener gy not accompanying a fluid source . A mater ial balance 
for the solute produces the solute-concentrat ion equation . [ .. k ] ·  .. .. a .. 

V •  pc- (Vp - pgVZ)  + V • pE • VC - q ' C  • � (p ,C) 1J ; c  o t  
( K- 5 )  

The three terms on the left-hand side of Equation K-5 represent net convec tion , 
d isper sion ,  and production of the solute . A similar mater ial balance for N 
rad ioac tive compaients re sults in N component equa tions . For component i ,  

N 
+ � (K- 6 )  

j•l 

where 

( K- 7 )  

The two summat ion terms de scr ibe the generation of component i from the decay 
of other r ad ionuc lides and the decay of component i to other r ad ionuclides . 
Impli cit in Equa tion K-6 is the approximation 

The equ ilibr ium adsorption constant is de fined as follows : 

K • l + i 

wher e  ( Kd ) i is the distr ibution coe ffic ient for compound i .  

(K- 8 )  

( K- 9 )  

The system o f  Equations K-3 , K-4 , K-5 , and K-6--along with the flu id
proper ty dependence on pressure , temper ature , and concentr ation--de scr ibes the 
reservoir flow due to the d ischarge of wa stes into an aquifer . Th is nonl inear 
system of par t i al differ ential equations must be solved numer ically by high
speed d igital computers . Equations K-3 , K-4 , and K-5 are coupled through 
fluid-proper ty dependence . Since it is assumed tha t the rad ioact ive compon
ents are present in trace quanti ties only and the fluid proper ties are inde
pendent of these concentra tions , Equa tion K-6 is uncoupled from the other 
equat ions . 
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These equati ons are solved by d iv iding the reg ion of interest into three
d imensiona l  g r id bloc k s  and constr uc t ing fin ite-d iffer ence approx imations to 
a l l  par tial  der ivat ives in th is gr i d .  The result ing set of finite-d i fference 
equat ions have numer ica l  so lutions tha t close ly approx imate the analytic 
so lu tions of Equations K-3 , K-4 , K-5 , and K-6 in certain s impl i f ied ( one
d imens ional)  geometr ies . The fin ite-d if fer ence equa tions in three d imens ions 
are as follows : 

Bas ic flow equat ion 

Energy equat ion 

Solute equat ion 

v A 

= - o  {p �C) 
tot 

Tr ace-component equat ion 

ti [T c .  {tip - p gtoZ ) l + ti {T tic . )  - q1. + Vi:> L k  . . K . t: . w l. c l. l.J J J 

""" VK .  p 
- VpK. C .  L.J k . k .. A t

l. oc . 
l. l. l. ... l. 

The differ ence oper ators in space ar e de fined by 

w i th 

to {Tw�p ) = to  (T  ti c ) + ti  {T to p) + ti  {T � p )  x w x- 'I w y- z w z 

� (T to c) = 
( n+l n+l ) 

x w x- Tw , i+l/2 , j , k Pi+l , j , k - P i , j , k 

( n+l n+l ) 
- Tw , i-1/2 , j , k  Pi , j , k  - pi-1 , j , k  

( K- 1 0 )  

( K- 1 1 )  

( K- 1 2 )  

( K- 1 3 )  

( K- 1 4 )  

{K- 1 5 )  

The symbol 8 ,  denotes var iation over a s ingle time step ; for any quant ity x , 

n+l n 
o x = x - x 

K-4 
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The terms 

T • !!e_ 
w 1.1 1  

have been introduced for notationa l conven ience 1 s ince all o f  them are 
position-dependent , a further expansion is illustrated as 

T • 
w , i+l/2 , j ,k 

For rad ial geometr y ,  the term 

becomes 2'11'Az
k

/ln (r . 
1

/r . ) . The volume term is wr itten as '11'6r�6z • i+ l. l. k 

(K- l  7 ) 

(K-18 ) 

( K- 1 9 )  

( K-2 0 )  

Two terms , the constituent-d isper sion tensor �c and the � effective heat
conductivity tensor �H need add it ional de scr iption . In the present model 
both depend on hydrodynamic d ispersivity , wh ich is a function of local fluid 
veloc ity . For an isotropic porou s med ium there can be no mor e than two in
dependent d isper s ivity fac tor s 1  th is requ i rement insu res that the disper s ion 
tensor is invar iant under coordinate tr ansformations . The se two disper s ivi
ties are long itudinal , in the d i r ection of flow ,  and transver se , perpend icular 
to flow .  Genera lly , both ar e func tions of the magnitude of the flow veloc ity : 

and 

When the veloc ity vec tor is divided into components along three coord inate 
axes , nine components of both the d ispersivity and the conductivity tensor s 
occu r .  

Mor e general express ions for the disper s ivity and the conductivity tensor s 
can be wr i tten in terms of molecular properties and hydrodynamic d isper sivity : 
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(K-21)  and 

EH : � au/� (pC ) + K • -- p w m 

wher e  the disper sivity coefficient a is a vec tor quant i ty .  The appar ent con
ductivity due to hydrodynamic dispersion in the porous med i um  has been taken 
as the produc t of the disper s i v i ty and veloci ty multiplied by fluid volumetr ic 
heat capaci ty .  The ordi nary molecular heat conductivity of fluid plus rock , 
Km , has been tr ea ted as an add i tive constan t .  The concept expressed i n  Equa
ti ons K- 21 is that the mic roscopic heterogene i ty in convective flow creates 
the same disper s ive eff ec t  i n  temper ature that i t  creates in the concentration 
of constituents . 
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Table K-1 : Nomenclature 

Area per pendicular to flow--either d'Y.�y ,  d'Y.�z ,  or �y�z 

Concentration , mass fraction 

Concentration of solute , salinity 

Spec if i c  heat ( at con stant pre ssure ) 

Concentration of rad ioactive component on rock 

D iffusiCXl coe fficient 

Disper sion coe ff icient 

Constituent-d isper sion tensor 

Eff ec tive hea t-conduc tivity tensor ( includ ing hydrodynamic 
d ispersion) 

Acceleration due to grav ity 

Enthalpy 

Permeability 

Rate of decay of component j to component i 

Therma l conductivity 

Distr ibution coe ff ic ient 

Equili br ium ad sorption constant defined in Equa tion K-9 

Di stance between gr id-block centers 

Pre ssure 

Mass source per g r id block 

Mass source per un it of porous-medium volume 

Ener gy stored without fl u id input per gr id block 

Energy stored without fl uid input per unit of porous-medium volume 

Rate of heat loss per g r id block 

Rate of hea t loss per unit of porous-med ium volume 

Rad ial space coordi nate 

Time 

Temperature 

K-7 



Table K-1 . Nomenclature ( continued ) 

TH , Tw , Tc Transmiss i b i l i ty of energy , flow ,  and contaminan t ;  de f ined by 
Equations K-17 , K-18 , K-19 

u Super fic ial ( Darcy )  fluid veloc ity in the porous rock 

U Internal ener gy 

V Gr id-block volume 

x , y , z  Car te sian space coordi nates 

z Elevation above re fer ence plane 

Subscr ipts 

av Aver age over depth inc rement 

R Rock 

s Solid mater ial ( always rock)  

i , j , k  Ind ice s labeli ng rad ioac t ive components or , in Equa tions K-15 and 
K-20 , i nd i ces labeling gr id blocks 

w Liqu id 

l , t  Long itud ina l and tr ansver se , respec t ive ly 

m M:> lecul ar proper t ies in porous med ia 

S uper scr ipts 

n Time level n 

Greek 

a Disper siv i ty coe ff ic ient 

� Poros ity 

PB Bulk dens i ty = (1  - . � l P s 

Ps Dens i ty of rock 

p Density of f luid 

� Viscos i ty ( k inematic)  

�t T ime i nc rement 

�x,� y ,� z  Gr id-block d imensions 
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h . 2  APPLI CATION OF THE TRANSPORT MODEL TO THE WIPP SITE 

Th is s ec t i on descr ibes in deta i l  applications of the hydrolog ic- tran spor t 
mode l  de scr ibed in Sec tion K . l  to the mode ling of phenomena at the WIPP s i te 
for the long- term saf ety a sse ssment . 

The mode li ng of hydrolog ic-tran spor t phenomena ha s involved a three-step 
approach : data i nterpretation and regional hydrolog ic modeling , the calcula
tion of wa ste-re lea se rate s for the var ious scenar ios ,  and the calculat ion of 
the tr ansport of rad i onuc l i des a ssumed in each of the scenar ios . These three 
par ts of the mode l i ng effor t ar e discussed in th i s  sec tion under separ ate 
head i ngs . 

K . 2 . 1  Data Interpretat ion and Regional Hydrologic Mode ling 

The obj ec tives of th is part of the model i ng ef fort are as follows : 

1 .  To check con s i stency or lack of i t  between var ious sets of hydrolog ic 
data . 

2 .  To ca lcu late the extent of communication ( ver t ical permeabilit ies)  
between var i ous hydrolog ic un i t s .  

3 .  To de lineate he terogene it ies ex ist ing within each geolog ic formation . 
Heterogene i ty here re fers to the spatial var iation of permea b i l i ty 
value s . 

4 .  To ca lculate potentials and/or hydraulic conduc tivities in areas 
where data are lacking . 

5 .  To ca lculate boundary cond it ions for local scenar io and nuc lide
transport mode ling . 

The ca lculat ional procedure is stra igh tforward . Permeabi l i ty values 
determi ned by laboratory or we ll te sts are used as i n i t ial values in the cal
culation s .  Permeab ility distr ibutions are adj usted unt il the calculated po
tenti als are in sat is fac tory ag r eement w i th a con s i stent set of measured 
potential value s .  

The hydrolog ic data used in th is wor k were obta ined pr imar i ly from a re
por t by Mer cer and Orr ( 1 977 ) , who reviewed and summar i zed all data exi st ing 
through February 197 7 . After the repor t by Mercer and Or r was is sued , the 
U . S .  Geolog ical Sur vey (USGS ) conduc ted well te sts in the Los Medanos area ; 
some da ta from a dr aft  USGS repor t to Sand i a  National Laborator ies wer e  used 
to check con s i stency and obta in permeab i l i t ies immed iately above the WIPP 
s i te .  Other sources of data were Gr iswold ( 197 7 ) , Ra i and Mason ( 197 7 ) , Lam
ber t ( 1 978 ) , and Lambert and Mer cer ( 197 7 ) ; laboratory-measured distr ibut ion 
coe ff ic i ents in unpublished for m were also used . 

A map of the mode led region is shown i n  Figure K-1 , and a geolog ic cross 
sec tion of the Los Medanos area looking toward the nor thwe st is pre sented in 
Figure K-2 . The Santa Rosa Sand stone is a moderately permeable for mation 
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F i gu re K-1 .  Hydrologic model ing region. 

N • 

conta ining relatively f resh water . However , the low permeab i l i ty of the Dewey 
Lake Red Bed s  prevents signif icant seepage of water from the Santa Rosa Sand
stone to the Rust ler Formation .  Two thin aquifer s , the Magenta and the 
Culebra , are conta ined in the Rust ler Formation , wh ich is predominantly 
composed of impervious anhydr i te s ,  polyhalites , and gypsum . The WIPP w i l l  be 
in the Salado Formation . The Cast ile For ma t ion , composed of very pure ha l i te 
and anhydr i te ,  conta ins no water-bear ing str ata . Beneath i t  l ies the Delaware 
Mounta in Group , approximate ly 3000 fee t th ick , which contains aquifer s .  

The S anta Rosa Sands tone does not extend beyond the WIPP to the wes t ,  and 
the intermed iate Dewey Lake Red Bed s  are essent ially confin ing beds . Ther e
for e ,  for the purpose of reg i onal hydrolog ic modeling , the upper sur face of 
the Rust ler wa s ass umed impermeable and the Santa Rosa Sandstone was not in
c luded in the calculations . 
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Wi thin the hy drolog ic reg ion modeled in this study , the Rust ler Format ion 
aquifers (Culeb ra and Mag enta) appa rently do not conunun ica te hydrolog ically 
with any of the aquifer s be low the Sa lado Format ion or with the shallow
d i s so lution zone . The Magenta and the Culebra are mode led as one aqu ifer , the 
Rust ler aquifer , with a tota l th ickness equal to the comb ined th icknesses of 
the two ac tual aqu ifer s .  The regional flow in the Rustler aqu ifer is gener 
a lly to the sou thwe st .  A s  can b e  seen from Figure K-3 , discharge from the 
Ru st ler is into the Pecos River at Malaga Bend , about 15 miles from the WI PP 
s i te , and pos s ibly at points south of Malaga Bend . ( The reader who is unfa
miliar with the conventions of groundwa ter hydrology can eas i ly deduce the 
flow patte rn from se ts of hydrauli c-potential curves , such as the ones in 
Figu res K-3 and K-4 , by drawing a set of non in tersec ting curved lines that are 
everywhere or thogonal to the potential curve s :  the direc tion of flow is then 
along these curved lines , proceed ing f rom the h ighe st values of potential to 
the lowe st va lue s . )  

More recent da ta obta ined by the U . S .  Geolog ica l Survey and presented by 
Mer cer and Orr  ( 1 978 )  s ugge st that flow immed iately above the repos i tory in 
the Culebra is towa rd the southea st . However , comb in ing the map in Figure K- 3 
w ith the r ecent data shows that the flow towa rd the southea st is only local ; 
on a lar ger scale the flow in the Rust ler For mation is towa rd the Pecos River . 

Potentials in the De laware Mounta in Group (Figure K-4 , so l id lines)  show 
tha t flow there is essen t ially towa rd the nor theast . The Delawa re Mounta in 
aqu ifer s conunun icate with the Capi tan aquifer , though the deg r ee of conunun ica
tion will vary cons i derably at different location s .  In the reg ional modeling , 
the Capitan aqu ifer wa s combi ned with the aqu ifers of the Delaware Mounta in 
Group . 

Fina lly , the ex is tence of a sha llow-d issolution zone along the Rustler
Salado inter f ace in Na sh Draw is k nown . Th is feature is roughly 50 feet 

Santa Rosa Sandstone 
/ 

, 
- Siltstone and sandstone Dewey lake Red Beds -3000 

11 
R ustler 

Anhydrite, rock salt, dolomite, sandstone, claystone, polyhalite -- Rock salt with 
anhyd rite, polyhalite, Salado 

2000 

sandstone, magnesite : : •: :  Repository level - -, ,... 1000 

R ock salt with 
0 - anhydrite, limestone Castile 

- -
-1000 

l imestone and sandstone D elaware 
Mountain G roup 

--2000 

' 

F igu re K-2.  Geologic section of the L os Medanos area. 
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Figure K-3. Hydraulic potentials (feet above 
MSL) measured in the Rustler 
Formation. 

F igure K-4. Hydraul ic potentials (feet above 
MSL) measured in the Capitan 
aquifer (broken lines) and in the 
Delaware Mountain Group 
(solid l ines) .  
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th ick , 30 miles long , and 2 to 10 m i les wide . I ts nearest edge is several 
miles we st of the repos i tor y .  

The Rust ler Formation , the sha llow-dissolution zone , the Delaware Mounta in 
Group ,  and the Cap itan r eef we re modeled to obta in a match with the observed 
potentials . Modeling of interven ing anhydr ite and sa lt layer s showed that the 
anhydr i te and salt had to be e ssentia lly impermeable : an upper l imit to the 
ver tical hydraulic conduc tiv ity in these format ions wa s  calculated to be 
lo -6 ft/day . It was diff icult to simultaneously match potentials in differ
ent layers with a h igher value . Calculated potentials in the Rustler and the 
Delaware Mounta in Group are shown in Figure s K-5 and K-6 . The match of meas
ured and calculated potent ials in the Ru stler (Figures K-3 and K-5 , re spec
tively) is espec ially rea sonable for th is ana lysis , in wh ich only the poten
t ials between the s i te and Malaga Bend de termine the flow path.  The match of 
the potentials in the Delaware Mounta in Group (Figure s K-4 and K-6 ) is ade
quate : these,  however , are of little importance to the transport of radio
nuc lide s  from the repos itor y .  

A set of calcu lated hydraulic conduc tivities i n  var ious layer s i s  shown 
in F igures K-7 to K-10 . It is impor tant to note that these conductivity 
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Figure K-6. Calculated hydraul ic potentials (feet above MSL) 

for the Delaware Mountain Group. 

values are not un ique . Any set of conductivity values scaled up or down by a 
constant fac tor will produce exac tly the same re sults � the veloc ities and flow 
rates w ill d i ffer by the same fac tor . Therefore , it is nece ssary to " ca li
bra te "  with one or mor e conduc tivity values obta ined from we ll te sts . Based 
on the ava ilable data , two values of the conductivity in the Rustler aqu i fer s 
can be used to descr ibe upper and lowe r bounds .  The lowe r-bound conduc tiv
ities are lower by a fac tor of 20 than the values shown in Figure K-7 . 

Calculated natura l water veloc it ies in the Rustler aquifers ranged from 
0 . 075 to 15 ft/yr , and in the Delaware Mounta in Group aquifer the veloc ities 
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F i gure K-7. Hydraul ic conductivities in  the Rustler aqu ifers. 

are le ss than 0 . 1 f t/yr . A d i r ec t  tr avel path to the shallow-d issolut ion zone 
for any wa ste re lea sed from the repos i tory would have to be either through 
salt or along the Salado-Ru st ler i nter face ; water ve loci t ies along the se paths 
are essenti ally zero at the site . A path to the Capitan aqui fer would have to 
be through the Delawar e Mounta in Group aquifer . Consequent ly , the t ime needed 
for the wa ste to tr avel from the repos i tory to either the shallow-d issolut ion 
zone or the Capitan aqui fer would be very long and of li ttle concer n .  

The Rust ler aqu ifer s are o f  pr imary impor tance i n  the WIPP sa fety ana lys is  
for two r ea sons : the tr avel t imes to the biosphere are shor ter there than in the 
Delaware Mounta in Group , and the greater hydr aulic potentials in the De lawa re 
Mounta in Group prov ide a dr iving for ce for upward water flow intc the Ru stler . 
A degree of uncer tainty is never the less assoc iated with the hydrolog ic data for 

K-15 



Region included r----:f--t------+--llii.,._fiiij.,_��;...._--t----+- for hydrologic ----1------< 

New Mexico .._ __ 

Texas 

5 0 5 
- - -

- - -

modeling 

N 

1 0 Miles • 
F igure K-8. Hydrau l ic conductivities in the shal low-d issolution zone. 

the Ru stler , as was mentioned abov e .  
ity induces uncer ta inty i n  pred icted 
( Tang and Pinder , 1977 ) shows that 

Uncer ta inty in the hydraulic conduct iv
transpor t ra te s .  A preliminary analy sis 

1. Changes in groundwate r veloc ity , within the range used here , generated 
relatively litt le change in the ma ss concentrat ions at long t imes .  

2 .  Inc reases in groundwa te r veloc ity together with inc reases in d ispers
ivity cause ear lier arr ivals at points where concentrat ions are be ing 
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F igure K-9. Hydrau l ic conductivities in the Capitan aquifer and the Castile Formation. 

determined . There fore , calculations that take d ispers ion into account 
may predict ear li er ar r ival times than those repor ted here , although 
the d i fferences would not be g reat . 

3 .  To a high deg ree of con fidence , i n  each scenar io the ac tual geosphere 
transport mu st lie within the results pred ic ted by calculat ions with 
the two transmissivities . 

4 .  The use of the higher tr ansmi ssivity value gives conservative results . 

The p resent analys is accounts for uncerta inty by us ing conservat ive , upper
bound values in all sa fety-a ssessment calculations .  
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Table K-2 .  Summary o f  Hydrologic Data 

Property Formation 

Th ickness , ft Rustler 

Hydraulic 
transmissiv
i ty ,  ft2/day 

Hydr aulic 
conduc tivity , 
f t/day 

Porosity 

Rustler--Culebra 
Rustler--Magenta 
Shallow-d issolution zone 
salado 
capitan aquifer 
ca stile 
Delaware Mountain G roup 

Rustler 
Rustler--Culebra 
Rustler--Magenta 
Shallow-d issolution zone 
Delaware Mounta in Group 

Capi tan aquifer 

Salado, Castile , and 
Rustler anhydr ite 

Ru stler 
Shallow-dissolution zone 
Capitan aquifer 
Delaware Mounta in Group 
Salado, Ca stile , and 

Rust ler anhydr ite 

Repor ted value 

210 
20 
20· 
50 

1600 
1600 
100 0  to 1500 
3000 

0 to 500 
lo-4 to 140 
1 to 40 
8 000 
50 

1 to 25 , 
average 

4 x lo- 6 to 
2 x lo- 5 

0 . 1 

0 . 1565 

Reference 

Gr iswold , 1977 
Gr iswold , 1977 

Mer cer and Orr ,  1977 
Gr iswold , 1977 
Mer cer and Orr ,  1977 
Gr iswold , 1977 
Mer cer and Orr ,  1977 

Gr iswold , 1977 
Me rcer and Orr ,  1978 
Mercer and Orr ,  1978 
Mer cer and Orr ,  1977 
Mercer and Orr ,  1977 

Mer cer and Orr ,  1977 

Lamber t  and Mer ce r , 1977 

Mercer and Orr ,  1977 

Mercer and Orr ,  1977 

Value used i n  
th is wor k 

210 

40 ( total)  
50 

2000 

100 0  
3000 

Not used 
2 to 1280 ( total)  

8000 
1 to 200 

5 

10-5 

0 . 1  
0 . 2  
0 . 15 
0 . 16 

0 . 00 5 
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Figure K-lO. Hydraul ic conductivities in the Delaware Mountain Group. 

A SWllllary of ava i lable hydrolog ic data and the values used in th is wor k 
are given in Table K-2 .  As can be seen from the table , the values used are 
rea sonably conserva tive : that i s ,  they are upper bounds on conductivity and 
permeability . They are ,  however , consistent with the measured data . 

The total th ickness of the upper aqu ifer was taken to be 40 feet,  although 
the effec tive hydraulic th ickne ss may actually be much smaller . The larger 
value of 40 feet was used because the calculated communication flow through 
the repos itory is then conserva tively calculated on the high side . 

A SWllllary of reported water-qua lity data is given in Table K-3 along with 
the values of distr ibution coe fficients used in th is wor k .  Ideally , the 
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Ru stler--Mag enta 
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Table K-3 .  Summary of Geochemical Data 

Repor ted value (mg/l ) 

3 , 3 50-35 , 60 0  TDSa 

23 , 7 20-118 , 2 90 TDS 
17 , 90 0-89 , 2 0 0  NaCl 

10 , 3 50-20 , 680  TDS 
6 , 80 0-24 , 30 0  NaCl 

296 , 4 00 TDS 

water qua lity 

Reference 

Lamber t ,  1978 

Mer cer and 
Or r ,  1978 

Mer cer and 
Orr ,  1978 

Lamber t ,  1978 

Distr ibution coe ff ic ients in the Rustler aquiferb 

Value used in 
th is wor k 

Not used 

13 , 0 0 0  TDS 

230 , 0 00 TDS 

Element D istr ibution coe fficient (ml/g ) 

Amer icium 
Neptun ium 
Uranium 
Thor ium 
Pluton ium 
Rad ium 

aTDs = total d isso lved solids . 

1460 
3 50 

10 
2190 
2100 

25 

bsee text for the sources of the distr ibution coe ffic ients . 

geochemical data required for comple te mode ling would cons ist of wa ter 
quality , the distr ibution coe ff ic ient for each rad ionuclide , nuclide 
solub i lities in the Ru stler wa ter , and wa ste leach ra tes . For a real 
repos itory the rates at wh ich rad ionuc lides could ente r the wa ter would be 
lim i ted by the solubil ity of the waste and by the rate at wh i ch the nuclide s  
could be leached from the wa ste . Th is analysis took no advantage of these 
reduc tions 1 the waste-d issolution rate was a ssumed to be the same as the ra te 
at wh ich the salt formation is d issolved . A number of d istr ibut ion coeffi
c i ents have been measured at Sandia National Labora tor ies (Dosch and Lynch , 
197 8 )  for the WIPP-site rock mate r ia l .  S ite-spec ific adsorption data we re , 
however , not ava ilable f or some radionuclides i ncluded in the mode ling her e .  
The d is tr ibution coe ff ic ients for these nuclides were est imated from the 
ratios of d istr ibution coefficients f or similar elements , measured at Sandia 
National Laborator ies in WIPP-site rock and at the Pac ific Nor thwe st Lab
oratory (Ra i  and Ma son , 1977 )  in desert soil . 

K . 2 . 2  Modeling of Liquid-Breach Scenar ios 

Four of the scenar ios selected for analys is in th is study involve the 
movement of wa ter , salt , and wa ste produc ts through a connec tion developed 
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between the repos i tory and one or mor e aqui fer s .  To dis tinguish them from the 
d i r ec t-acce ss scenar ios { S ection K . 3 ) , the term " l iqu id-breach scenar io" is 
u sed . The reasons for choos i ng the four scenar ios out of the many poss ible 
l iqu id-breach scenar ios are outli ned in Section 9 . 7 . 1 . 2 ; the discussion in 
th is subsec tion center s  on the modeling processes necessary for the four sce
nar ios that were chosen. 

Given a hydraul i c  conunun icat ion between an aqu ifer and the wa ste repos i
tory , there are three mechan isms that can transfer wa s te from the repos i tory 
to the aqu ifer : 

1 .  Forced convec tion--fluid flow along a pressure or potential g radien t .  
2 .  Natural convection-- fluid flCM along a density gradien t .  
3 .  Molecular diffusion-- transpor t  along a concentrat ion grad ien t .  

Each of the four scenar ios sel ected for analys is postulates a hydraulic 
connec tion . Bec au se the dr iving mechanism is largely determined by the prop
e r ties of the connec tion ,  deta i led mode ling of th is small set of scenar ios 
pred ic ts the consequences of many scena r ios . Of the four liqu id-breach sce
nar ios , th r ee spec ify forced convec tion and one spec i fies molecular di ffu
sion .  None of them spec ify na tura l convec tion , wh ich is expec ted to produce 
much weaker e ff ec ts in the absence of a s ignif icant heat load in the repos i
tor y .  

Two types of scenar io involv ing for ced convec tion wer e  modeled : 

1 .  A hydrolog ic conunun icat ion ex ists { or develops)  between the Rustler 
aquifer and aqu ifer s of the Delaware Mounta in Group ; The conununica
tion could be a wellbore or some natu ral featu re.  Wa ter flows up or 
down the feature , depend ing on the relative hydraulic potentials or 
pressures in the two aquifer s .  

2 .  A hydrolog ic conunun icat ion exists { or develops) between the Rustler 
aqu ifer and the repos i tory through two we llbores { or perhaps natural 
channe ls ) .  Th is situat ion is also known as a U- tube conunun icat ion . 
Water flows down through one leg of the U-tub e ,  through the reposi
tor y ,  and up the other leg . 

In  each type of for ced-convec tion scenar io ,  the rate of wa ste release is as
sumed to be propor tional to the rate of water flow through the repos i tory . 

A parametr ic study ( Inte ra Env i ronmental Consultants , per sonal conunun ica
tion , September 1 9 7 9 )  has shown tha t ,  for both types of for ced-convec t ion 
scena r io ,  the cr it ical var iables controll i ng wa ter flow are the pre ssure or 
the potential d i ffer ence between the inlet and the outlet of the conunun ica
tion ,  and the hydraulic conductance of the conunun icat ion . Hydraulic conduc
tance is the r ec iprocal of hydraulic res istance ; it is de fi ned as kA/L , where 
k is the hydraulic conduc tiv ity ( fee t per day ) , A is  the cross-sec t ional area 
ava i lable for flow, and L is the e ffec tive l eng th of the flow med ium .  

There are , however , limits to the control exerc ised by the hydraulic con
duc tance of the conunun ication . Th is fact is i l lustrated in Figure K-11 , wh ich 
shows the wa te r - flow rate as a func tion of the hydraulic conduc tance of a com
mun ication between the upper and the lower aquife r . The figure applies to 
for ced convec tion between - two aqu ifer s ,  the first  type of scenar io mentioned 
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F igure K-1 1 .  Flow rate as a function of hydraul ic  conductance for two values of 
_ pressure-head difference :  two-aqu ifer communication. 

above . Two val ues of natural ( und isturbed) pre ssu re-head d i ffe rence are shown . 
It is seen that the flow ra te is propor tiona l to the hydraulic conduc tance 
only for a l imi ted ran�e of values of that parame ter ; if the conductance is 
h igher than about 1 ft /day , the flow ra te asymptot ically becomes a con-
stant.  Th is e ffect can be expla ined by noting that large flow rates are lim
ited by the na tura l pre ssure-head difference and comb ined re sistance of the 
two aqu ifers i nvolved ; in other words ,  the ultimate controlling parameter is 
the amount of flu id that can be supplied by the aqu ifers for flow through the 
repository .  S imilar studies were conduc ted for the ca se of a s ingle-aquifer 
cormnun ication , the second type of scenar io mentioned above . The qualitative 
behavior of the flow-rate ver sus conductance curves was identical with the 
behav ior of the curves shown in Figure K-11 ; but in the former case the 
a symptotic l imit is determined by natural p re ssure-head .d i ffer ences i n ,  and 
the conduc tivity of , the single aqu ifer to wh ich the U-tube is connecte d .  

The func tional dependence of flow rate on hydraulic conductance exh ib i ted 
by the parametr ic stud ies can be used to suppor t a cla im made ear lier : the 
small set of for ced-convection scenar ios modeled in the present study are 
capable of pred icting the consequence s of a wider cla ss of events . If the 
flow rate is large enough , the nature , size,  and or igin of the assumed commun
ication ( i . e . , whether it is a we llbor e ,  a brecc ia pipe , or a conduc ting 
faul t) do not really matter in determin ing the consequences of a wa ste-release 
scenar io .  The upper-limit va lues o f  conductance used in the scenar ios o f  the 
text ( Section 9 . 7 . 1 ) are j udg ed to be suff ic i ently near the appropr iate asymp-
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totic limiting va lue s so that these scenar ios could cover a wide class of 
events lead ing to the release of waste .  

Parametr ic stud ies for the liquid-breach scenar io based on molecular dif
fusion are pres ented d i rectly in the results for that scenar io g iven in Sec
tion 9 . 7 . 1 . 4  of the text.  The limi t ing paramete rs for molec ular diffusion are 
the area of the conunun ication (which cannot be larger than the area of the 
repository) and , implicitly ,  the rate at wh ich the Rustler aqu ifers can supply 
wa ter to carry away wa ste produc ts that have d iffused upwa rd from the breached 
repositor y .  It is ass umed that wa ste produc ts diffuse as rapidly as salt doe s 
through the stagnant water in the conunun ication .  

I n  the modeling of liqu id-breach scenar ios , potentials , wa ste-d issolution 
rate s ,  and fluid-flow rates are based on hydrolog ic steady states . Th is 
a ssumption is reasonable becau se the time requi red to reach the steady state 
is small in compar ison with the total wa ste-d issolution t ime s .  Fur thermore ,  
all fluid comi ng out o f  the repos itory into an aqu ifer i s  assumed to be sat
urated br ine ,  with a total-d issolved- solids concentration of 4 10 , 000 ppm by 
we igh t .  Fluid ente r s  the repos itory at the total-d is solved-solids concentra
tial listed in Table K-3 . The salt formation and wa ste mater ial are a ssumed 
to disssolve un iformly and at the same rate , br ing ing the tota l-dissolved
solids concentration up to the ind icated saturated-br ine concen trat ion . For 
modeli ng conven ienc e ,  both the contact-handled and the remotely handled wa stes 
are a ssumed to be un iformly d istr ibu ted throughout the volumes of the ir 
disposal areas at the time the scenar io beg ins:  spec if ications for the disposal 
areas are g iven in the text ( Section 9 . 7 . 1 ) . 

K . 2 . 3  Modeli ng of Rad ionuc li de Transpor t 

The tran$port of wa ste rad ionuclides away f rom the repos i tory through the 
ac tion of flow ing groundwa te r is modeled in essentially four steps : 

1 .  The determination of the flow lines ( d i r ec tion and speed) in the Rus
tler aqu ifer over the repos itor y ,  under the dis tur bed cond it ions pos
tula ted in the scenar io.  

2.  The dete rmi nat ion of the rate of wa ste discharge into the Rustler 
aqu ifer , under the d i sturbed cond it ions postula ted in the sc enar io.  

3 .  The integ ra tion of the rad ionuc li de-tran spor t equations along a set of 
the flow lines de termi ned in step 1 ,  using the wa ste-d i scharge rate 
determined in step 2 as a source te rm.  The integ rat ion is car r ied 
along each flow line until the line reaches a d i scharge point.  ( In 
all scena r ios ,  discharge points were on the Pecos River . )  

4 .  The determination of the total rate of d i scharge for each rad ionucl ide 
into the Pecos River as a func tion of time . Th is step is per formed by 
sununing the integ rated contr ibutions from each of the flow lines of 
step 1 that reach the r iver . 

In th is study , steps 1 and 2 we re per formed in par allel by apply ing the 
th ree-d imensional reg ional hydrolog ic model on a limi ted but f inely zoned gr id 
centered on the repos itor y .  Hydrolog ic paramete r s  for grid blocks were 
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ass igned to re flec t  the in it ial d isturbed cond it ions for each liquid-breach 
scenar io . Potentials and flows at the boundar ies of the l imi ted reg ion were 
set accord ing to the und isturbed potentials and flows dete rmined by the la rge
scale regional mode ling . It  is believed that the size of the limited gr id was 
large enough to insure that such boundary cond it ions were appropr iate .  

Step 3 was per formed by numer ically integ ra ting one-d imensional ver s ions 
of the coupled set of rad ionuc lide-transpor t equat ions ( Equations K-6 of 
Section K . 1 . 2 )  al ong sel ec ted flow lines , ta k ing into account changes in the 
hydrologic parameter s  ( hydraulic conduc tivity ma inly) in the reg ional g r id 
blocks c rossed by the flow lines . The one-d imensional transport equat ions do 
not account for hydraulic d isper s ion transver se to the flow lines and gener
ally lead to overestimates of the peak concentrations of the trace constituent 
at a fixed time and pos it ion along the flow line . However , a good est imate of 
the net d ischarge to the Pecos is obta ined by integ rating the one-d imens iona l 
flux at the termi nus of each flow line over the proj ec ted area of the envelope 
of flow lines at the d is charge po int . Th is is the procedu re i nd icated in s tep 
4 above . 

In  all transpor t calculat ions per formed for th is study , it was assumed 
that the events of the scenar ios began e ither 1 0 0 0  years  ( scenar ios 1 through 
3 )  or 50 , 00 0  years ( scenar io 4 )  afte r  the repos itory is sealed . The calcula
tions were carr i ed  out for the impor tant isotopes of ac tinides l isted in Table 
K-3 .  Shor te r-lived fiss ion produc ts ,  present in modest amounts in the re
mote ly handled TRU waste , contr ibu te little ac tiv ity to the inventory 1000  
years after emplacement .  Since near ly all o f  the cons idered ac tinides are 
long- lived isotopes ,  the nuclide inventory changes slowly dur ing the unfold ing 
of the scenar io .  

The se 1000-year-event calculations are believed to be conservative pred ic
tions of d i r ec t consequences of events that could beg in after many thousands 
of yea r s .  Although there would be a d imin ished rad ionuc lide inventory in sce
nar ios beg i nn ing la ter than 1000  years af ter bur ial , the consequences of such 
scenar ios would no t be rad ica lly d ifferent from the consequences of the ones 
considered :  the only e ffect would be a d isplacement of the peak d ischarge rate 
at Malaga Bend to a later point in time . As stated in the text , the time at 
wh ich max imum consequences are realized is not considered valuable information 
for th is sa fety asse ssmen t ,  owing to the lack of a consensus on the times 
af ter wh i ch the waste prod uc ts could be considered safe . 

K . 3  DIREX::T-ACCF.SS SCENARIOS 

The d i r ect-acce ss scenar ios for the WI PP ar ise f rom the assumption that at 
some future time people will be motivated to dr ill into or mine in the un
guarded and unmarked s i te .  Spec ifically , these scenar ios consider the con
sequence s of dr illing at the site in the cour se of explor ing for mineral re
sour ces and the more ser ious consequences of solution min ing for salt at the 
site . Wi th one exception , the method s used to analyze these scenar ios are 
stra ightforward and are descr ibed in Section 9 . 7 . 1 of the text along with 
re sults of the ana lyses . The exception is the method used to calculate the 
transpor t in air  and the a i rbor ne concentrations of r ad ionuclides suspended 
from a dr illing-mud pit . Deta ils of th is method are given below . 
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K . 3 . 1  Method for Calculating Rad ionuclide Transpor t in Air 

It is a ssumed that a dr ill hole penetrates e ither the d isposal area for 
remote ly handled TRU wa ste or the disposal area for contact-handled TRU waste . 
In the proce ss , waste mater ials a re inter cepted by the dr ill bit and radio
nuclides are un iformly mixed with the dr illing mud . The contaminated mud is 
b rought to the sur f ace and d i rec ted to a mud pit , whe re it is left to dry 
uncovered and und isturbed . Thereafte r wind erodes the sur face , transpor ting 
contami nants downwind. 

Dr illing mud is pure clay ( usually benton ite ) with add it ives to adjust 
i ts dens ity and pH . The sur face of the mud pit is likely to dry to a cru sted 
br ickli ke consistency , wh ich would not pre sent much oppor tunity for wind ero
sion .  However , it is a ssumed that sand par ticles f rom the sur rounding pla in 
will scou r the sur face of the mud pit , and the mate r ial thus loosened will be 
resuspended to the same deg r ee  as mater ial f rom the rest of the plain.  

Provided the area of  the mud pit  is  small ( less than 1 0 0  square meters) , 
the su spended mater ial transpor ted to d istances g r eater than , say , 100 me ter s  
from the p i t  may be ass umed to come from a point source . The Reactor Sa fety 
Stuay u ses a squared Gaussian plume model for a i r  concentrat ion downwind (NRC ,  
1975 , Append ix VI ,  p .  4-1 , and Appendix A) . The express ion is 

where 

X = ---�-..--
3 u )'12; CT U 

y z 

X = ground-leve l a ir concentration (C i/m3 ) 

Q = sour ce strength (Ci/sec) 

3 uy = lateral width of the assumed un iform distr ibution (m) 

uz = ve r tical standard dev iation (m) 

u = ave rage wind speed (m/sec )  

The quantity Q can be expre ssed as the upward flux of suspended particle s 
mult iplied by the area of the source (Healy , 1977 ) . The resuspension rate , in  
rec iprocal un its of sec-1 , multiplied by the sur face concentrat ion gives the 
value of the upward flux . The resu spension rate measured for desert so il at 
the Nevada Test Site is lo -13 sec-1 and var ies as the cube of the wind speed 
(Healy , 1 9 77 ) . Thus the transport of su spended mater ial is descr ibed by the 
equation 

where 

n i = concentrat ion of isotope i in the dr illing mud (C i/g )  

P = dens ity of the dr ill i ng mud ( assumed to be 2 g/cm3 ) 
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do = depth from wh ich mater ial is ava ilable for resuspens ion ( assumed 
to be 1 cm) 

K = resuspens ion rate ( sec-1 ) :  K = lo-13 ( u/uo l 3 : ua is 
a ssumed to be 1 m/s ec  

A = area of the mud p i t  (m2 ) 

10 4 = fac tor for converting from square mete r s  to square centimeter s  

The express ions for uy and uz for slightly unstable to neutral cond it ions 
typical of the desert southwest ( Pasqu ill stab i lity ca tegory C) a re 

uy = o . lld ( l  + lo-4ai -� 

uz = o . 0 8 d ( l  + 2 x lo-4dl -� 

where d is the downwi nd transport d istance expressed in me ters . The mud-pit 
areas ass umed are 720 square feet ( 66 . 9  square mete rs)  for a 10- i nch dr ill 
hole and 144 squa re feet ( 13 . 4 square meters)  for a 3- i nch dr ill hole.  To 
allow for the finite s i z e  of these pits , a vir tua l point sou rce is created 
upwind of the pond such that 3 u = A� at the leeward side of the pond . 
Thus for the 10- and 3- inch dr ill holes the v i rtual point sour ce is tak en to 
be 24 . 8  and 11 . 1  meters , respec tively , upwind of the leewa rd side . Us ing 
these va lues ,  a shor t table g iv ing Xi as a func tion of ni and distance can 
be constr uc ted. (All downwi nd transport d i stances d '  g iven below are meas
ured from the mi ddle of the pond . )  

X · (Ci/m3 ) 
d '  (m) 10- i nch dr ill hole 3- i nch dr i ll hole 

10 0 3 . 58 x lo-9oi 8 . 7 3 x lo-lOn .  l 
500 2 . 0 4 x lo- 10 0 . l 4 . 2 5 x 10- 110 . l 

10 0 0  5 . 67 x lo-lln .  l 1 . 16 x lo-llo .  l 

The s ubsequent sur face deposition of su spended rad i onucl ides is al so re
quired for the analyse s .  It is ass umed that dry depos it ion is the domi nant 
mechan i sm .  The dry-depos ition flux is the product of the depos ition veloc i ty 
and the a ir concentration near the ground (Ci/m2-sec = Va X ) .  The depos i
tion ve loc ity Va is taken to be 0 . 0 1  m/sec , wh ich cor responds to a part icle 
about 1 micron in d iame ter . The particle-size d istr ibution of the suspended 
mater ial can be re lated to the par ticle-size d istr ibution of the sur face 
source .  Healy (1977)  i nd icates that for clays the aer odynamic mean activity 
d iameter of these par ticles is 1 micron or less . Thus 1 micron is taken to be 
the nominal value for the su spended and transpor ted ma ter ial . 
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K . 3 . 2  Uncerta inties in the Ca lculation 

Air concentrat ions and sur face depos it ions prev iously descr ibed as apply
ing to the d i rect-acce ss scenar io have been obta ined using g ene ra lly conserva
tive assumptions and parameter s .  However , it is wor thwh ile to under stand how 
uncerta i nties in these a ssumptions and parameters may affect the results . 

Rad ionuc lide distr ibution in the dr ill i ng mud . If rad ionuclides are 
un iformly d i str ibu ted in the dr i lling mud ,  the ir concentration and hence the 
resulting dose will vary inver sely with the total mass of the mud . However , 
to the extent that the heavy elements settle to the bottom of the pond , they 
will not be resuspended in signif icant quant it ies even if the mass of the mud 
is g reatly reduced . 

Resuspension fac tor . The dr ied dr illing mud ( clay ) is most likely to hav e 
a br icklike consistency that, if left in an und isturbed sta te ,  is not liable 
to produce as much suspendable mater ial as the sur face at the Nevada Te st 
S i te ,  where small and large par t icles are more int imately but more loose ly 
mixed . Th is tendency is lik ely to per sist even if the sur face is mechan ically 
d i sturbed after drying , prov ided the th ickne ss of the mud is on the order of 
fee t .  

Atmospher ic stability .  Va lues c ited above a r e  for slightly unstable at
mospher ic cond itions . Under very stable cond ition s ,  a ir concentrat ions down
wind of the source would inc rease by mor e than a factor of 10 . Under very 
unstable cond itions , they would dec rease by about a fac tor of 5 .  However ,  the 
exposure s being est imated are long-term exposure s ,  and for th is purpose median 
stab i lity cond itions are in order . 

Wi nd direc tion . In direc tions other than the usual downwind d irection ,  
concentrations a nd  hence exposures will b e  smaller than those estimated. 

Par t icle depos it ion . The assumption used in the transpor t and depos i t ion 
calculation above holds that the dust cloud is not depleted by sur face deposi
t ion as it travels downwind .  I n  fac t,  mate r ial is cont inuously lost from the 
cloud � thus all downwind concentrations are overestima ted , roughly by a fac tor 
of 2 .  
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Append ix L 

AN OU TLIN:8 OF' '!'HE INPUT-OUTPUT MOD EL 
AND THE ME"I'HODS USED Il� PROJECTING SOC IOEX::ONOMIC IMPACTS 

L . l  INPUT-OUTPUT MODEL 

A static model in the form of a reg ional input-output model wa s con
s tr uc ted f or Eddy and Lea Countie s ,  New Mexico . The or iginal der i vation o f  
the input-ou tpu t mode l  is descr ibed in a paper published i n  the Proceed ings of 
the 1975 Conference of the Assoc iation of Un iver s ity Bu s i ne ss and Economic Re
search ; that paper is attached to th is append ix as an annex . The procedure 
descr ibed in that document was ,  in  gene ral , followed in bu i lding the regional 
input-output mode l .  

S i nce the publi cat ion o f  that document ,  better information on the ag r i
cultural s ec tor in New Mexico has become ava i lable , and i ts c r ed ib i lity is 
bel i eved to be such that the var iation exper ienced in the or igina l  model has 
been decrea sed . Regardle ss of the accu r acy of the agr icultural information ,  
the eff ec t  o f  the construc tion and operation o f  the WIPP on the ag r icultural 
s ec tor is be li eved to be less than 1% in terms of employment and i ncome . 
Ther e for e , the ag r icultural sec tor and the reliabi l i ty of ag r icul tura l infor 
mat i on exert l i ttle e ff ect on the ove rall mode ling proce ss . 

Th is mode l  ha s been used to assess the economic impac ts of the following 
p roj ects f or the fo llowing agenc i e s :  the San Juan power plant ( un i ts 1 ,  3 ,  
and 4 )  for the Public Ser vice Company of New Mex ico ; the Gallup�Navajo Ind ian 
Water S upply Proj ect for the Bu reau of Reclamat i on ;  a proposed nuclear power 
plant at Cementon , New Yor k ,  for Harbr idge Hou se , Inc . , an agent for the Powe r 
Author ity of the S ta te of New Yor k ;  two s i tes f or nuclear or fossil- fuel power 
plants for Har br idge Hou se , Inc . , an agent for the New Yor k State Electr ic & 
Gas Corporation ;  four coal-development scenar i os in northwe st New Mexico for 
Harbr idge Hou se ,  Inc . , an agent for the Bureau of Land Management ;  and the 
proposed New Mexico Generating S tation f or the Public Service Company of New 
Mexico. It has also been used to study general economic impac ts ( an ongoing 
proce ss) f or the Bu reau of Bu sine ss and Economic Re sear ch , Un i ver sity of New 
Mexico .  

Dur ing or abou t the same time th is study wa s being conduc ted ,  the model 
was used f or analyz i ng the economic impac ts of a proposed coal-fi r ed power 
plant for Burns and McDonne ll , an agent for the Pla ins Elec tr ic Cooperative ;  
i ndu str ial link ages i n  C ec i l  County , Mar yland , for Harbr i dge House , I nc . , an 
agen t for the Cec il County Development Agency ; and the economic impac ts of 
decreased g raz ing a llocations in the Roswe ll , New Mexico , G raz ing D i str ict f or 
Har br idge House , Inc . , an ag ent for the Bureau of Land Management .  Thus ,  the 
model has been u sed extensive ly and is accepted as a tool for de termin ing the 
economic impac ts of proposed new fac il i t ies and deve lopments . 
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L . 1 . 1  Base Model 

The reg iona l model ad j usts a nat iona l model by means of loc at ion quotients 
and agg regating techn iques . The nationa l ,  or bas e ,  model conta ins 407 econom ic 
categor ies , or sub sec tor s  of the economy , 389  of wh ich represent the pr ivate 
economy and 18 of wh i ch rep resent other ac t iv i t ies,  including the pub l ic sec
tor . The 389 pr ivate subsec tor s  were used in the mode l ;  the government impac t 
wa s compu ted f rom four of the pub lic s ubsectors s upplemented by a f i nal demand 
pattern from the business-serv ice subsec tor . 

The base model is an upda ted ver s ion of the 1967 National Input-Outpu t 
Mode l  construc ted by the Depar tment of Commerce , Bureau of Economic Ana ly s is . 
Two impor tant changes in  the 1 9 67 ver s ion have been made . First , the min ing 
sec tor s have been expanded to 44 sub sec tor s .  Second , the Lawrence Ber keley 
Labora tory has mathematically updated the 1 9 67 vers ion to a 1972 ver s ion by 
using data from the 1 9 7 2  Census of Business . 

As already ment ioned , the deta i led mode ling proce ss and techn ical pro
cedures are discu ssed in the annex . However , several impor tant aspects of 
th is par t i cular model for Eddy and Lea Counties should be noted . F i r s t ,  de
ta iled informat ion on employment ,  by category ,  wa s dete rmi ned from information 
s upplied by the New Mex i co Employment Secur ity Depar tment (NMESD) , former ly 
the Employment Secur ity Commis s ion .  From this information ,  deta i led locat ion 
quoti en ts for manuf actur ing we re determined at the four-d ig it S IC code leve l ,  
and this added cred ibility and accuracy to the modeling process . 

Second , becau se of the makeup of reta il and wholesale subsec tor s in Eddy 
and Lea Counties , a deta iled ana lysis of the types of outlets pre sent in the 
area was conduc ted . Bas ic information f rom the 1 9 72 Census of Bu s i ness wa s 
used with updated ;nformat ion from the employment fi les for th is ana ly s is . 

Finally ,  once the l ocation quotients had been determined , 1972  Census 
data and var ious other State and loca l da ta sources we r e  used to identify the 
output per employee for s ubsec tors whose location quot i ents were compu ted 
through employment stat is t i c s .  A to ta l-output f igure wa s der ived for these 
s ubsec tor s .  I n  turn,  the total-oupu t f igures we re used to agg rega te the 389  
subsec tor s in the base model into 37 pr ivate-business subsectors and one 
gove rnmental s ubsec tor f or the regi onal mode l .  

Subsec tor s  for WI PP aboveg round constr uc tion ( 1980 , 19 8 1 , 19 8 2 , 19 8 3 ,  and 
1984 ) , WI PP management and des ig n ,  WI PP belowg round constr uction ( 1980 , 1 98 1 ,  
198 2 ,  198 3 , and 198 4 ) , and WIPP operat ion--aboveg round operation ,  remote han
d ling and secur ity , and belowg round operation--we re der ived f rom da ta suppl i ed 
by Sand ia Nationa l Laborator ies , Bechte l ,  Inc . , and the Westinghou se Elec tr ic 
Corporation .  The re a re a total of 5 2  s ubsectors in  the model for Eddy and Lea 
Count i es and two add it iona l subsec tor s to account for labor compensat ion .  

L . 1 . 2  Hou sehold Compensation for Labor and Per sonal Consumpt ion in the Area 

The average per centages of cost going to labor from the technical produc
tion p roce ss (d i rect coe ffic i ents) were determined f rom the 1972 nat ional 
input-output mode l .  Per sona l-consumption figures we re adj usted by we ighting 
the lnca t i on quot i ents of each of the 37 pr ivate-bu s i ness s ubs ec tor s and the 
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government subsec tor in the reg ional model . An add it ional per sonal-consumption 
column adj u sted for reduced local pur chases was i ncorporated into the model to 
allow for lowe r local consumption by constr uc tion wor kers who conunute weekly .  
The labor coe ffic i ents f or the 14 WI PP subsec tors we re der ived f rom data s up
plied by Sand ia , Bechte l ,  and Westinghouse . For the five WIPP aboveg round
constr uction s ubsec tors and the f ive WI PP belowg round-con str uc tion s ubsector s , 
labor coe ffic ients for construc tion wor kers who conunute and those who res ide 
in the two-county area were a ssigned by u sing comparable f ac tor s f rom the 
Construc tion Wor ker Profile . 

The direc t coeff ic ients obta ined by determin ing locat ion quotients and 
the agg regation process are listed in Table L-1 .  The aggregated d i r ec t ,  
ind irec t ,  and induced coeff i c ients are given i n  Table L-2 .  

L . 2  OOTPUT MULTIPLIER 

The volume of ac tivity generated in the pr ivate sector by a $1 exogenou s 
increase in a s ubsec tor can be determined through the i nput-output process . 
For example,  for WI PP aboveground constr uction in 198 2 ,  subsec tor 4 0 , we find 
the colwnn sum of 1 . 6 7 062 in Table L-2 .  Thu s ,  $1. 67 in  total activity will 
result in the reg ion from a $1 exogenou s inc rease in WIPP aboveg round
constr uction ( 1 98 2 )  ac tiv ity � that is , an add itional $ 0 . 67  of i ndi rect act iv
ity , including payments to labor , will be generated in F.ddy and Lea Counties .  

It  s hould be noted at th is point that the output mult iplier i s  not of 
pr imary concern in determi ning the overall impac� of new developments in the 
area .  The employment and i ncome multiplier s  are be lieved to be of g r ea ter 
impor tance , and they may var y  significantly from the 1 . 6 7 output multiplier . 

L .  3 EMPLOYMENT MULTIPLIERS 

To determine the employment multipli e r s  for WIPP-related development ,  
three basic calculations mu st be per f ormed . First,  wages for the area under 
con sideration must be determined in constant dollars-- in th is case 1979 dol
lar s .  Second , the change in the total annual output for an exemplary year 
must be ca lculated in constant 1979 dollar s . Th ird , the actual number of 
dollars spent d i r ectly f or labor mu st be compu ted . 

Once the annual labor costs for each subsec tor have been determined , the 
average labor un it cost is d ivided into each g ross amount to f i nd the actual 
number of jobs suppor ted in that spec ific subsec tor by an exogenous increase 
in the spec ific ac t ivity be ing inve stigated , s uch as WI PP aboveground con
struc tion ,  belowground construc tion , or aboveg round operation . 
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Table L- 1 .  I nput-Output Tables , Lea and Eddy Count ies , 
November 

I ndustry Sell ing 

Livestock and livestock products 1 

Cotton 2 

Grains and seeds 3 

Fruits and vegetables 4 
Forestry and fishery products 5 

Agricultural services 6 
Miscellaneous metall i c  and nonmetallic minerals 7 
Crude petrole1D1 8 
Natural gas and liquid petrole\DI 9 
Stone, gravel, and sand 1 0  
Potash mining 11 

Residential construction 12 
Nonresidential construction 13 
All other constr uction 14 
Construction maintenance 1 5  
F ood  products 16 
Fabrics and apparel 17 
Wood and lumber products 18 
Printing 19 
Chemical products 20 
Plastics and petroleum products 21 
Glass and s tone products 22 
Pr imary metal products 23 
Fabricated metal products 24 
Mach inery 25 
Electrical products 26 
Transpor tation and warehousi ng 27 
CClllllllunications 28 
Electr ical utll i ty 29 
Gas u t i l i ty 30 
Water and sewer 31 
Wholesale trade 3 2  
Retail trade 33 
Finance, insurance, and real estate 34 
Lodging and personal and repair services 35 
Businesses and miscellaneous services 36 
Medical and nonprof i t  37 
WIPP sur face construction, 1 980 38 
WIPP sur face construction, 1981 39 
WIPP surface construction, 1982 40 
WIPP surface constr uc t i on ,  198 3 4 1  
WIPP surface constr uction, 1 984 4 2  
WIPP construction management and design 4 3  
WIPP underground construction, 1980 44 
WIPP underground const r uc t i on ,  1981 4 5  
WIPP underground construction, 1982 46 
WIPP underground construction, 1983 47 
WIPP underground constr uction ,  1984 48 
NIPP general sur face oper atiCWls 49 
WIPP secu r i ty and r-ote handling 50 
WIPP underground operations 51 
Governaent 52 
Households/PC weekly 53 
Households/PC local 54 

Column swu 

1 97 9 : 

I 
o. 30891 
0 . 00000 
0 . 26662 
0 . 00049 
0 . 00000 
0 . 00263 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00001 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00387 
o. 02322 
0 . 00000 
0 . 00000 
0 . 00001 
0 . 00079 
0 . 00328 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00008 
0 . 00000 
0 . 01356 
0 . 00 1 4 6  
0 . 00186 
0 . 00002 
0 . 00018 
0 . 01542 
0 . 01004 
0 . 00868 
0 . 00330 
0 . 00139 
0 . 00 0 5 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00007 
0 . 00000 
0 . 04276 
---
0 . 70916 

Direct Coeff i cients 

i 
0 . 02889 
0 . 01636 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 10165 
0 . 00009 
0 . 00000 
0 . 00000 
o. 00137 
0 . 00011 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01065 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00003 
0 . 00507 
0 . 0367 2 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00024 
0 . 00000 
0 . 01047 
0 . 00296 
0 . 00738 
0 . 00000 
0 . 00832 
0 . 03706 
0 . 02745 
o. 07375 
0 . 00862 
0 . 02915 
0 . 00056 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 ; 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00014 
0 . 00000 
0 . 07285 
---
0 . 48049 

Industrl l!!!rchasin� 
3 4 

0 . 09777 0 . 01457 
0 . 00000 0 . 00000 
0 . 02988 0 . 00000 
0 . 00000 0 . 00378 
0 . 00000 0 . 00000 
0 . 01289 0 . 05881 
0 . 00020 0 . 00008 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00184 0 . 00094 
0 . 00120 0 . 00056 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00935 0 . 00102 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00002 0 . 00002 
0 . 00659 0 . 00247 
0 . 03285 0 . 01250 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00011 0 . 00010 
0 . 00000 0 . 00000 
0 . 01 31 2  0 . 00868 
0 . 00184 0 . 00133 
0 . 00161 0 . 00281 
0 . 00000 0 . 00000 
0 . 00120 0 . 00770 
0 . 02949 0 . 02561 
0 . 02302 0 .01103 
0 . 04181 0. 02078 
0 . 00442 0 . 00377 
0 . 02602 0 . 01550 
0 . 00085 0 . 00040 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0. 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00000 0 . 00000 
0 . 00010 0 . 00012 
0 . 00000 0 . 00000 
0 . 07285 0 . 07285 
--- ---
0 . 41450 0 . 27 1 4 4  

5 

0 . 14889 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 07198 
0 . 02604 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01580 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00056 
0 . 03032 
0 . 00000 
0 . 00000 
0 . 00001 
0 . 00000 
0 . 00000 
0 . 00522 
0 . 00000 
0 . 00021 
0 . 00028 
0 . 00000 
0 . 02824 
0 .00893 
0 . 01685 
0 . 00575 
0 . 00005 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0. 00000 
0 . 00000 
0. 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00032 
0 . 00000 
0 . 20020 

----
0 . 55967 

6 

0 . 00151 
0 . 00095 
0 . 00772 
0 . 00090 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00003 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00012 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00065 
0 . 00000 
0 . 00003 
0 . 00003 
0 . 00000 
0 . 00047 
0 . 00023 
0 . 00107 
0 . 00002 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 35031 
---
0 . 36404 

7 8 

0 . 00000 0 . 00000 1 
0 . 00000 0 . 00000 2 
0 . 00000 0 . 00000 3 
0 . 00000 0 . 00000 4 
0 . 00000 0 . 00000 5 
0 . 00000 0 . 00000 6 
0 . 00836 0 . 00000 7 
0 . 00000 0 . 00250 8 
0 . 00000 0 . 00000 9 
0 . 00000 0 . 00000 10 
0 . 00000 0 . 00000 1 1  
0 . 00000 0 . 00000 1 2  
0 . 00000 0 . 00000 1 3  
0 . 00000 0 . 00000 1 4  
0 . 00222 0 . 02719 15 
0 . 00000 0 . 00000 1 6  
0 . 00000 0 . 00000 17 
0 . 00000 0 . 00000 18 
0 . 00000 0 . 00000 19 
0 . 02144 o .  00319 20 
0 . 00205 0 . 00426 21 
0 . 00000 0 . 00000 2 2  
0 . 00000 0 . 00000 23 
0 . 00000 0 . 00008 24 
0 . 01063 0 . 00008 25 
0 . 00000 0 . 00000 26 
0 . 00984 0 . 00139 27 
0 . 00282 0 . 00078 28 
0 .01118 0 . 01071 29 
0 . 00239 0 . 00159 30 
0 . 00000 0 . 00050 31 
0 . 00958 0 . 00409 32 
0 .00119 0 . 00382 33 
0 . 00815 0 . 09158 34 
0 . 00051 0 . 00216 3 5  
0 . 00816 0 . 01 3 7 5  3 6  
0 . 00121 0 . 00028 37 
0 . 00000 0 . 00000 38 
0 . 00000 0 . 00000 39 
0 . 00000 0 . 00000 40 
0 . 00000 0 . 00000 4 1  
0 . 00000 0 . 00000 4 2  
0 . 00000 0 . 00000 4 3  
0 . 00000 0 . 00000 4 4  
0 . 00000 0 . 00000 4 5  
0 . 00000 0 . 00000 46 
0 . 00000 0 . 00000 4 7  
0 . 00000 0 . 00000 48 
0 . 00000 0 . 00000 4 9  
0 . 00000 0 . 00000 50 
0 . 00000 0 . 00000 51 
0 . 00154 0 . 00037 5 2  
0 . 00000 0 . 00000 53 
0 . 32507 O . ll930 54 
--- ---

0 . 4 2 6 3 3  0 . 28762 



Table Ir l .  I nput-Output Tables ,  Lea and Eddy Counties , 
November 1 97 9 :  Direct Coeff icients (Continued) 

I nduatry Selling 9 10 

Induatrl Purchaain2 
11 1 2  --ff - ----r4 15 T6 

Livestock and livestock product.a 1 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 07348 1 
Cotton 2 0 . 00000 0 . 00000 0. 00000 0 . 00000 0. 00000 0 . 00000 0 . 00000 0. 10494 2 
Grains and s""ds 3 0 . 00000 0 . 00000 0 . 00000 0 . 00031 0 . 00013 0 . 00018 0 . 00000 0 . 02 3 2 3  3 
Fruita and vegetables 4 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00155 4 
Forestry and fishery producta 5 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 5 
Ag r icultural services 6 0 . 00000 0 . 00000 0 . 00000 0 . 00139 0 . 00011 0 . 00285 0 . 00047 0 . 00000 6 
Miscellaneous l90!tallic and nonmetallic minerals 1 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00005 1 
C r ude pe troleum 8 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 8 
Natural gas and liquid petroleum 9 0 . 14584 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 9 
S tone, gravel, and sand 10 0 . 00000 0 . 00446 0 . 00000 0 . 00201 0 . 00271 0 . 02103 0 . 00657 0 . 00012 10 
Potash aining 11 0 . 00000 0 . 00048 0 . 01 395 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 11 
Residential construction 12 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 2  
Nonresidential construction 13 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 3  
All other constr uction 14 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 14 
Construction ma intenance 15 o. 03218 0 . 00796 0 . 00205 0 . 00025 0 . 00036 0 . 00034 0 . 000 1 5  0 . 00244 1 5  
F ood  products 16 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 02480 16 
Fabrics and apparel 17 0 . 00000 0 . 00000 0 . 00000 0 . 00098 0 . 00003 0 . 00061 0 . 00010 0 . 00019 17 
Wood and 1 umber producta 18 0 . 00000 0 . 00000 0 . 00000 0 . 03789 0 . 01187 0 . 00210 0 . 00382 0 . 00000 18 
Pr in t i ng 19 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00 1 3 1  1 9  
Chemical producta 20 0 . 00803 0 . 00646 0 . 01969 0 . 00049 0 . 00191 0 . 00263 0 . 00032 0 . 00106 20 
Plastics and petroleum products 21 0 . 00441 0 . 01289 0 . 00574 0 . 00601 0 . 00944 0 . 02759 0 . 00749 0 . 00317 21 
Gla"" and stone products 22 0 . 00000 0 . 05511 0 . 00000 0 . 02664 0 . 03524 0 . 02147 0 . 00287 0 . 00000 22 tt Pr imary metal products 23 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 2 3  I Fabricated •etal producta 24 0 . 00003 0 . 00000 0 . 00000 0. 00196 0 . 00309 0 . 00187 0 . 00047 0 . 00000 24 U1 
Mach inery 25 O . OOOll 0 . 00509 0 . 01535 0 . 00038 0 . 00058 0 . 00051 0 . 00024 0 . 00000 25 
Electr ical producta 26 0 . 00000 0 . 00000 0 . 00000 0 . 00020 0 . 00029 0 . 00023 0 . 00007 0 . 00000 26 
Transpor tation and warehousing 27 0 . 00167 0 . 01329 0 . 00977 0 . 02637 0 . 02787 0 . 04716 0 . 02166 0 . 02 3 1 3  27 
c .... nications 28 0 . 00093 0 . 00020 0 . 00259 0 . 00316 0 . 00471 0 . 00431 0 . 00211 0 . 00465 28 
Electr ical util i ty 29 0 . 00574 0 . 02649 0 . 02001 0 . 00055 0 . 00084 0 . 00077 0 . 00037 0 . 00600 29 
Gas u t i l i ty 30 0 . 01419 0 . 00291 0 . 02469 0 . 00012 0 . 00017 0 . 00015 0 . 00001 0 . 00187 30 
Water and sewt?r 31 0 . 00105 0 . 00281 0 . 00000 0 . 00029 0 . 00044 0 . 00036 0 . 00017 0 . 00040 31 
Wholesale trade 32 0 . 00923 0 . 03 4 5 5  0 . 00250 0 . 05106 0 . 04 9 5 3  0 . 04327 0 . 03911 0 . 02976 3 2  
Reta 11 trade ]] 0 . 00448 O . Ol l 93 0 . 00 1 3 8  0 . 08578 0 . 04874 0 . 03914 0 . 06360 0 . 00185 33 
Finance, insurance, and real estate 34 0 . 10845 o .  03037 0 . 00694 0 . 00697 0 . 01026 0 . 00916 0 . 00484 0 . 00709 34 
Lodging and personal and repair services 35 0 , 00255 0 . 01085 0 . 00064 0 . 00488 0 . 00730 0 . 00801 0 . 00354 0 . 00341 3 5  
Buelnesaes a nd  miscell aneous services 36 0 . 01627 0 . 03144 0 . 00860 o. 05413 0 . 07 1 57 0 . 04270 0 . 01936 0 . 00810 36 
Medical and nonpro f i t  3 7  0 . 000]] 0 . 00009 0 . 00 1 1 9  0 . 00078 0 . 00 1 1 5  0 . 00106 0 . 00052 0 . 00060 37 
WIPP surface constr uction, 1 980 38 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 
WIPP sur face constr uc t i on ,  1981 3 9  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 39 
WIPP surface construction, 1982 40 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 
WIPP sur face const r uc t i on ,  1983 41 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 41 
WIPP surface constr uction, 1 984 42 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 42 
WIPP construction manag""'9nt and design 43 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 3  
WIPP underground construction, 1980 .. 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 44 
WIPP underground const r uc t i on ,  1981 4 5  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 45 
WIPP underground construction, 1982 46 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0. 00000 0 . 00000 0 . 00000 0 . 00000 46 
WIPP underground construction, 1983 47 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 47 
NIPP underg round constr uction, 1 984 48 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 48 
WIPP general sur face operations 49 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 49 
WIPP secu r i ty and remote handling 50 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 50 
WIPP underground operations 51 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 51 
Government 52 0 . 00043 0 . 00022 O .  00ll5 0 . 00046 0 . 00068 0 . 00070 0 . 00031 0 . 00092 5 2  
Households/PC ""ekly 53 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 5 3  
Households/PC local 54 0 . 11 9 30 0 . 32507 0 . 27808 o. 3 2 5 3 5  0 . 3 2 5 3 5  0 . 32535 0 . 4 9 4 1 9  0 . 14492 54 

--- --- --- --- --- --- --- ---

Col umn e:ums 0 . 47 5 2 1  0 . 58268 0 . 4 1 4 3 1  0 . 6 3840 0 . 61502 0 . 60 3 8 3  0 . 67 2 7 1  0 . 46901 
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Table L- 1 .  Input-Ou tput Table s ,  Lea and Eddy Count i e s , 
D i r ect Coe f f i c i ents ( Con t i nued) November 1 9 7 9 : 

Indu s t r y  Se l l i ng 

Livestock and l i vestock products 
Cotton 
Gra ins and seeds 
F r u i ts and vegetables 
For e s t r y  and f i s he r y  products 
Ag r i cultural s er v i ces 
Misce l l aneous met a l l i c  and nonme t a l l i c  mine r a l s  
C r �de petroleum 
Natural gas and liquid petroleum 
Stone, g rave l ,  and s and 
Potash mining 
Residential constr uc t i on 
Nonr e s i den t i a l  const r uc t ion 
A l l  other con s t r uc t i on 
Con s t r uc tion m a i ntenance 
Food products 
Fabr ics and appar e l  
Wood and lumber p r cx:J uc t s  
P r i n t ing 
Chemical p r cx:Jucts 
Plast ics and petroleum products 
Glass and s tone p r cx:Jucts 
Pr imary met a l  products 
Fabr ica ted metal p r oducts 
Mac h i ne r y  
E l ec tr ical p roducts 
Transpor tat ion and wa rehou s i ng 
Commun icat i ons 
E l ec tr ica l u t i l i ty 
Gas u t i l i ty 
Water and sewer 
Wholesale tr ade 
Reta i l  trade 
Fi nance, insu r ance, and r ea l  e s t a te 
Lcx:Jg ing and personal and repa i r  se r v ices 
Businesses and m isce l l aneous ser v i ces 
Med ical and nonpro f i t  
WIPP surface con s t r uc t ion, 1980 

WIPP s u r f ace con s t r uc t ion , 198 1 

WIPP sur f ace constr uc t ion, 1 9 8 2  

WIPP sur face cons t r uc t ion , 1 9 8 3  

WIPP sur face con s t r uc t i o n ,  1 9 8 4  

WIPP con s t r uction management and de s i g n  
WIPP underg round con s t r uc t ion, 1 9 80 

WIPP unde r g round con s t r u c t ion , 198 1 

W I PP underground con s t r uc t ion , 1 9 8 2  

WIPP underground const r uc t ion , 1 9 8 3  

WIPP underground cons tr uct ion ,  1 9 8 4  

W I P P  genera l sur face oper a t ions 
WIPP secur i ty and remote hand l i ng 
WIPP unde r g round oper a t ions 
Government 
Households/PC weekly 
Households/PC local 

Column sums 

6 

7 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

17 

18 

19 

20 

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

28 

2 9  

3 0  

3 1  

3 2  

3 3  

3 4  

3 5  

3 6  

37 

38 

39 

40 

41 

4 2  

4 3  

4 4  

4 5  

46 

4 7  

48 

49 

50 

5 1  

5 2  

5 3  

5 4  

I7 
0 . 0 0 5 6 8  

0 . 0 3 2 9 2  

0 . 00000 

0 . 00000 

0 . 0 1 5 2 9  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 0 1 3 1  

0 . 00001 

0 . 1009 1 

0 . 00000 

0 . 00001 

0 . 00080 

0 . 0009 3 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 009 4 5  

0 . 0 0 3 1 9  

0 . 00 6 8 7  

0 . 00048 

0 . 00 0 4 9  

0 . 0 2 700 

0 . 0026 1 

0 . 0 1 0 5 3  

0 . 00 1 0 2  

0 . 0068 1 

0 . 0004 3 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 .()0000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 0 1 8 0  

0 . 00000 

0 . 29852 

0 . 52704 

18 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 2 9 4  

0 . 00000 

0 . 00080 

0 . 0079 1  

0 . 00004 

0 . 00 2 7 4  

0 . 00 2 7 2  

0 . 00 0 ) 4  

0 . 00000 

0 . 00000 

0 . 0 0 1 9 1 

0 . 00001 

0 . 0 2 7 4 8  

0 . 00 4 0 6  

0 .  006 7 4  

0 . 0 0 1 1 4  

0 . 00000 

0 . 0 4 6 4 2  

0 . 0 0 1 7 7  

0 . 0 1 5 30 

0 . 00 1 6 3  

0 . 00877 

0 . 00049 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 1 0 3  

0 . 00000 

0 . 286 1 7  

0 . 4 20 6 1  

Indus t r y  P u r c ha s i ng 
19 20 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 3 1 1  

0 . 00000 

0 . 00 1 4 )  

0 . 00000 

0 . 0 1 5 8 6  

0 . 0 1 26 1  

0 . 00 2 3 6  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00002 

0 . 0 1 1 7 9  

0 . 0 1 0 9 8  

0 . 00 4 9 9  

0 . 00096 

0 . 000 6 2  

0 . 0 1 9 6 5  

0 . 00 5 10 

0 . 0 1 7 2 3  

0 .  0 0 3 3 9  

0 . 02 700 

0 . 00 1 5 6  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00664 

0 . 00000 

0. 2 3 6 7 1  

0 . 38 2 0 3  

0 . 00000 

0 . 00000 

0 . 00006 

0 . 00 1 1 4  

0 . 0 0 3 7 4  

0 . 00000 

0 . 00 1 2 4  

0 . 00000 

0 . 00 2 3 1  

0 . 000 38 

0 . 00 7 5 5  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 004 3 1  

0 . 00088 

0 . 0 0 0 2 1  

0 . 00000 

3 . 00 0 0 4  

0 . 05002 

0 . 0 5 4 59 

0 . 00000 

0 . 00000 

0 . 00005 

0 . 00002 

0 . 00002 

0 . 0 2 0 4 7  

0.  00 J ?. 6  
0 . 0 1 17 1 

0 . 0 1 0 1 4  

0 . 00 2 3 5  

il .  0 19 0 9  

0 . 00 2 4 7  

0 . 0 1 4 ) 8  

0 . 00 1 2 9 

O . O I J8 4  

0 . 00056 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 .00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00076 

0 . 00000 

0 . 38 3 2 0  

0 . 6 1 209 

21 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00004 

0 . 4 5740 

0 . 0 2 3 3 7  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 1 0 1 9  

0 . 00000 

0 . 00007 

0 . 00000 

0 . 00000 

0 . 00578 

0 . 0 5 4 8 7  

0 . 00001 

0 . 00000 

0 . 00 0 0 1  

0 . 00 0 0 1  

0 . 00000 

0 . 0 28 7 6  

0 . 0 0067 

0 . 00 5 6 9  

0 . 0 1 0 2 9  

0 . 00 1 8 8  

0 . 0 0 6 5 7  

0 . 00 0 4 5  

0 . 0 16 '> 7  

0 .  00048 

0 . 0 0 % 8  

0 . 0 0 0 1 5  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0. 00050 

0 . 00000 

0 . 10374 

o. 73718 

2 2  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 06606 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 28 9  

0 . 00000 

0 . 00 0 4 7  

0 . 00000 

0 . 00008 

0 . 00 1 2 3  

0 . 00 9 19 

0 . 0 2 4 4 0  

0 . 00000 

0 . 00000 

0 . 00308 

0 . 00000 

0. 1 2 1 18 

0 . 00 5 7 3  

0 . 00 6 4 5  

0 . 00399 

0 . 00008 

0 . 0 2680 

0 . 00 1 7 5  

0 . 0 1 788 

0 . 0 0 4 1 8  

0 . 0 1 6 4 8  

0 . 00078 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00080 

0 . 00000 

0. 31907 

0 . 6 3 2 58 

2 3  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 31 4 7 3  

0 . 3 1 4 7 3  

2 4  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 0000 

0 . 00008 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0. 0 0 2 2 4  

0 . 00000 

0 . 0 0075 

0 . 00 0 6 5  

0 . 00000 

0 . 0007 [ 

0 . 0 0 4 10 

0 . 0 0 0 1 8  

0 . 00000 

0 . 0 0 1 4 1  

0 . 0 2 3 6 3  

0 . 00 0 0 1  

0 . 0 1 518 

0 . 00 49 0  

0 . 00 6 3 9  

0 . 00 3 39 

0 . 00008 

0 . 0 2 36 4  

0 . 0 0 8 4 4  

0 . 0 1 2 6 4  

0 . 00 1 0 3  

0 . 00 8 8 5  

0 . 00 0 5 5  

0 . 00000 

0 . 0 0000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00067 

0 . 00000 

0 . 3085 1  

0 . 4 28 0 5  

5 

6 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

17 

18 

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

2 8  

2 9  

3 0  

J l  
3 2  

] ]  
3 4  

3 5  

3 6  

3 7  

3 8  

39 

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

4 9  

50 

5 1  

5 2  

5 3  

5 4  
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Table L-1 .  Input-Output Tables ,  Lea and Eddy Count ies , 
November 197 9 :  Direct Coeff icients ( Continued) 

Industr y Selling 

Livestock and l i vestock products 
Cotton 
Gra i n s  and seeds 
Frui ts and veqetables 
Forestry and f i s he r y  products 
Agr icultural services 
Miscellaneous meta l l i c  and nonmeta l l ic miner a l s  
Crude petroleum 
Natural gas and liquid petroleum 
Stone, grave l ,  and sand 
Potash mi n ing 
Res ident i a l  constr uc t i on 
Non r e sident i a l  construction 
All other constr uc t i on  
Construction ma intenance 
Food products 
Fabr ics and appar e l  
Wood a nd  lumber products 
Pr lnting 
Chemical products 
Plastics and petroleum products 
G l a ss and stone products 
Pr imary meta l products 
Fabr icated metal products 
Mach inery 
Electr !cal products 
Transpor tation and warehousing 
Communications 
Electr ica l u t i l ity 
Gas u t i l ity 
Water and sewer 
Wholesale tr ade 
Re ta il trade 
Fi nance , insurance , and real estate 
Lod9in9 and personal and repair serv ices 
Bu s i ne sses and misce l l aneous ser v ices 
Medical and nonpro f i t  
WIPP sur face constr uc t i on ,  1 980 
WIPP sur face constr uction , 198 1 
WIPP surface constr uc t i on ,  1982 
WIPP sur face construction , 198 3 
NIPP surface construction, 1984 
NIPP construction management and de s i gn 
WIPP underground const r uc t i on ,  1980 
WIPP underg round const r uction , 198 1 
WIPP underground construction ,  1982 
WIPP underground construction , 198 3 
WIPP underground con s t r uct i on ,  1984 
WIPP genera l suc face operations 

WIPP secuc i t y  and remote hand l i ng 
WIPP undecg cound opec a t ions 
Gcwecnment 
Households/PC wee k ly 
HoU<:if'ho l ds/FC loca l 

Cn l umn :-um;, 

5 
6 

8 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
18 
19 
20 
21 
22 
2 3  
2 4  
2 5  
2 6  
27 
28 
29 
30 
31 

32 
33 
34 
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
48 
49 
50 
5 1  
5 2  
5 3  
54 

2 5  

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00001 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00168 
0 . 00000 
0 . 00070 
0. 0 3 302 
0 . 00000 
0 . 00029 
0 . 00562 
0 . 00000 
0 . 00000 
0 . 00002 
0 . 01938 
0 . 00081 
0 . 01890 
0 . 00339 
0 . 00 5 4 1  
0 .  0 0 1 3 4  
0 . 00047 
0 . 04501 
0 . 00664 
0 . 0 1 2 76 
0 . 00082 
0 . 00679 
0 . 00045 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00060 
0 . 00000 
0 . ) 6 q ' l  

0 .  S .l l i) J  

26 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 2 4 5  
0 . 00000 
0 . 00088 
0 . 00000 
0 . 00 2 3 5  
0 . 00000 
0 . 00 7 3 5  
0 . 00002 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01076 
0 . 0 1 1 10 
0 . 00726 
0 . 00596 
0 . 00 1 9 3  
0 . 00013 
0 . 02005 
0 . 00762 
0 . 0 1924 
0 . 00 1 9 3  
0 .  01306 
0 . 00 1 2 7  
0 . 00000 
0 . 00000 

• 0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00187 
0 . 00000 
0 . ) ) 3 4 1  

0 . 4 4 8 6 )  

Industry Purchas i ng 
27 28 

0 . 00000 
0 . 00000 
0 . 00133 
0 . 00000 
0 . 00002 
0 . 00000 
0 . 00004 
0 . 00065 
0 . 00405 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 02048 
0 . 00005 
0 . 00036 
0 . 00000 
0 . 00037 
0 . 00015 
0 . 02989 
0 . 00001 
0 . 00000 
0 . 00000 
0 . 00017 
0 . 00000 
0 . 08829 
0 . 0086 1  
0 . 0 1622 
0 . 00338 
0 . 00 1 14 
0 . 02379 
0 . 01069 
0 . 01853 
0 . 02424 
0 . 00894 
0 . 00052 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00308 
0 . 00000 
0 . 4 0 6 4 7  

0.  1)71  ... ) 1  

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 1411 
0 . 00000 
0 . 00012 
0 . 00000 
0 . 00016 
0 . 00001 
0 . 00193 
0 . 00000 
0 . 00000 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00146 
0 . 01282 
0 . 00553 
0. 00110 
0 . 00 1 2 5  
0 . 00304 
0 . 00492 
0 . 01229 
0 . 06180 
0 . 00983 
0 . 00059 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00254 
0 . 00000 
0. ) 9 0 9 7  

O . '.i 2 4 46 

29 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00059 
0 . 0036 1 
0 . 00001 
0 . 00001 
0 . 00000 
0 .00000 
0 . 00000 
0 . 02801 
0 . 00000 
0 . 00022 
0 . 00000 
0 . 00001 
0 . 00086 
0 . 01204 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 02086 
0 . 00250 
0 . 07 3 5 5  
0 . 0 3353 
0 . 00097 
0 . 00623 
0 . 00168 
0 . 00464 
0 . 00203 
0 . 00 4 1 7  
0 . 00027 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00267 
0 . 00000 
o .  1 3980 

O . J l R 2 4  

30 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 02381 
0 . 1 4 6 25 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01443 
0 . 00000 
0 . 00009 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00076 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00020 
0 . 00210 
0 . 00260 
0 . 36 1 5 7  
0 . 00065 
0 . 00063 
0 . 00156 
0 . 00549 
0 . 00034 
0 . 00 4 5 5  
0 . 00025 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01382 
0 . 00000 
o. l )q90 

0 . 7 18 R q  

31 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 06 4 8 4  
0 . 00000 
0 . 00031 
0 . 00000 
0 . 00001 
0 . 00154 
0 . 00334 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00232 
0 . 00 4 4 3  
0 . 02800 
0 . 0 1650 
0 . 00091 
0 . 00463 
0 . 00329 
0 . 01 4 16 
0 . 00783 
0 . 00751 
0 . 00051 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 57360 
0 . 00000 
o .  1 1q a o  

0 .  8 7 1 5 1  

3 2  

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 1 1 7  
0 . 00000 
0 . 00001 
0 . 00004 
0 . 00002 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00095 
0 . 00 3 2 7  
0 . 00093 
0 . 00035 
0 . 00064 
0 . 00072 
0 . 00877 
0 . 00048 
0 . 00000 
0 . 00001 
0 . 00044 
0 . 00006 
0 . 0 1 5 7 2  
0 . 0 1 1 7 3  
0 . 00 3 8 2  
0 . 00046 
0 . 00168 
0 . 0 1558 
0 . 01564 
0 . 0 2 2 3 9  
0 . 0 1 7 7 2  
0 . 0 2 3 1 1  
0 . 00099 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 

0 . 00000 
0 . 00 2 8 2  
0 . 00000 
0 . 4 2 500 

0 . 57 4 ' 3  

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5  
1 6  
1 7  
18 
19 
20 
21 
22 
2 3  
2 4  
2 5  
26 
27 
28 
29 
30 
31 
3 2  
3 3  
34 
35 
36 
37 
38 
39 
4 0  
41 
42 
4 3  
4 4  
4 5  
4 6  
4 7  
48 
49 
50 
51 
52 
5 .l  
5 4  



Table L- 1 .  Input-Ou tpu t Tables , Lea and Eddy Counties , 
November 197 9 : Di r ect Coef f icients (Continued) 

Industry Purchasing 
Industry Selling 33 3 4 3 5  36 37 --�3�8 39 40 

Livestock and l i vestock products 1 0 . 00000 0 , 00034 0 . 00109 0 . 00000 0 . 00003 0 . 00000 0 . 00000 0 . 00000 
Cotton 2 0 . 00000 0 . 00006 0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
Gra ins and seeds 3 0 . 00000 0 . 00067 0. 00337 0 . 00000 0 . 00000 0 . 00006 0 . 00006 0 . 00006 
F r u i ts  and vegetables 4 0 . 00000 0 , 00003 0 . 00001 0 . 00000 0 . 00002 0 . 00000 0 . 00000 0 . 00000 
Forestry and f i shery products 5 0 . 00000 0 . 00001 0 . 00000 0 . 00000 0 . 00 0 0 1  0 . 00000 0 . 00000 0 . 00000 5 
Agr icultural services 6 0 . 00000 0 . 00028 0 . 00020 0 . 00000 0 . 00000 0 . 00 0 3 2  0 . 00032 0 . 00032 6 
Miscellaneous metallic and nonmetallic minerals 7 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 7 
C r ude petrole1.1111 8 0 . 00000 0 . 00006 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 8 
Natural gas and liquid petroleum 9 0 . 00000 0 . 00 0 3 7  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 9 
S tone, g ravel , and sand 10 0 . 00000 0 . 00004 0 . 00001 0 . 00000 0 . 00000 0 , 00744 0 . 00744 0 . 00744 10 
Potash mining 11 0 . 000110 0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 11 
Residential construction 12 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 12 
Nonresidential construction 1 3  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 13 
All other construction 14 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 4  
Constructimt 1Dll intenance 1 5  0 . 00 2 8 0  0 . 01 7 5 7  0 . 00 7 4 3  0 . 00494 0 . 00900 0 . 00000 0 . 00000 0 . 00000 15 
Pood products 16 0 , 00017 0 . 00012 0 . 00000 0 . 00000 0 . 00032 0 . 00000 0 . 00000 0 . 00000 16 
Fabrics and apparel 17 0 . 00 0 0 5  0 . 00 0 1 0  0 . 00 14 8  0 . 00000 0 . 00018 0 . 00000 0 . 00000 0 . 00000 1 7  
W ood  a nd  lumber products 18 0 . 00000 0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 18 
Pr int ing 19 0 . 00 0 4 9  0 . 00 2 99 0 . 00009 0 . 00 0 5 1  0 . 00300 0 . 00000 0 . 00000 0 . 00000 19 
Chemical products 20 0 . 00005 0 . 0 0 0 1 3  0 . 00030 0 . 00090 0 . 00017 0 . 00000 0 . 00000 0 . 00000 20 
Plastics and petroleum products 2 1  0 . 00 5 4 0  0 . 00357 0 . 00838 0 . 00430 0 . 00884 0 . 00047 0 . 00047 0 . 00047 21 
Glass and stone p roducts 22 0 . 00001 0 . 00002 0 . 00004 0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 22 

t""' Pr imary metal products 23 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 2 3  
I Fabr icated metal products 24 0 . 00000 0 . 00000 0 . 00000 0 . 00001 0 . 00000 0 . 00 136 0 . 00 1 36 0 . 00136 2 4  

a> Mach inery 25 0 . 00005 0 . 00 0 1 1  0 . 00387 0 . 00238 0 . 00000 0 . 00 0 1 1  0 . 00011 0 . 00 0 1 1  2 5  
Electr ical products 26 0 . 00000 0 . 00000 0 . 00009 0 . 00009 0 . 00084 0 . 00000 0 . 00000 0 . 00000 26 
Transportatimt and warehousing 27 0 . 00 1 7 2  0 . 00 3 5 0  0 . 00487 0 . 00803 0 . 00 3 4 9  0 . 00 4 3 1  0 . 004 3 1  0 . 00 4 3 1  2 7  
Camnunications 28 0 . 00559 0 . 01517 0 . 00644 o .  01478 0 . 0 1 308 0 . 00 4 39 0 . 00439 0 . 00 4 39 28 
Electrical util i ty 29 0 . 01428 0 . 00966 0 . 01214 0 . 00 2 1 4  0 . 01 7 8 1  0 . 00094 0 . 00094 0 . 00094 29 
Gas ut i l i ty 30 0 . 0 0 3 1 4  0 . 00194 0 . 00265 0 . 00262 0 . 00 3 5 2  0 . 00000 0 . 00000 0 . 00000 30 
Water and sewer 31 0 . 00 2 2 5  0 . 00 3 93 0 . 00 3 4 0  0 . 00 1 1 8  0 . 00646 o . ooooc 0 . 00000 0 . 00000 3 1  
Wholesale trade 32 0 . 00573 0 . 00635 0 . 02391 0. 01323 0 . 02089 0 . 066 1 3  0 . 06 6 1 3  0 .  0 6 6 1 3  3 2  
Retail trade 33 0 . 00 3 8 3  0 . 00 9 1 3  0 . 01 504 0 . 0 1652 0 . 01888 0 . 00000 0 . 00000 0 . 00000 3 3  
Fi nance, insurance, a nd  real estate 34 0 . 0 3 4 64 0 .  08665 0 . 03929 0 . 0 3 4 3 5  0 . 06 24 6  0 . 00830 0 . 00830 0 . 00830 34 
Lodg ing and per sonal and repa i r  services 35 0 . 00793 0 . 00 4 5 3  0 . 03926 0 . 01584 0 . 02056 0 . 00 2 1 1  0 . 00 2 1 1  0 . 00 2 1 1  3 5  
Bus i ne sses and miscellaneous services 36 0 . 00795 0 . 0 5 3 56 0 .  0 1 1 5 1  0 . 05497 0 . 02381 0 . 00000 0 . 00000 0 . 00000 36 
Medical and nonprof i t  37 0 . 00082 0 . 00689 0 . 00 1 9 1  0 . 00 2 2 1  0 . 00 3 4 0  0 . 00008 0 . 00008 0 . 00008 37 
WIPP sur face construction, 1980 38 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 
WIPP surface con s t r uc t i on ,  198 1 39 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 39 
WIPP surface construction, 1982 40 0 . 00000 O . OOOQO 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 
WIPP sur face construc t i on ,  1983 41 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0. 00000 0 . 00000 0 . 00000 0 . 00000 4 1  
WIPP su r face construction ,  1984 42 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 2  
WIPP constr uc t imt management and design 43 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 3  
WIPP underground construction, t '? �l) 44 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 4  
WIPP underground const r uction, i98 1 45 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 5  
WIPP underground construction, 1982 46 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 46 
WIPP underground const r uc t i on ,  1983 47 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 7  
WIPP underground construction, 1 984 4 8  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 48 
WIPP general surface oper ations 4 9  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 9  
W I P P  secu r i ty a nd  remote handling 50 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 50 
WIPP underground oper ations 5 1  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 51 
Government 52 0 . 01696 0 . 02965 0 . 00350 0 . 0 1 2 9 3  0 . 0 1238 0 . 00000 0 . 00000 0 . 00000 52 
Households/PC weekly 53 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 02 6 1 2  0 . 0 1 4 1 0  0 . 03087 5 3  
Households/PC local 54 0 . 4 2500 0. 36 1 53 0 . 3 4 7 6 1  0 . 42166 0 . 5 1 4 8 9  0 . 1 6 7 3 4  0 . 09038 0 . 1 9 7 8 3  5 4  

--- --- --- --- --- --- --- ---

ColW111 sums 0 . 53885 0 . 61897 o. 53788 0 . 6 13 6 2  o. 7 4 4 0 5  0 . 28948 0 , 20050 0 . 3 2 4 7 2  
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Table L-1 .  Input-Output Tables , Lea and Eddy Counties , 
November 1979 : Direc t  Coeffic ients ( Continued) 

Industry S� l l i ng 

Livestock and l i vestock products 
Cotton 
Gra ins and seeds 
Fru i ts and vegetables 
Forestry and f i shery products 
Ag r icultural ser v i cea 
Misce l l aneous meta l l i c  and nonmeta l l i c mine r a ls 
Crude petroleum 
Natural gas and l iquid petroleum 
Stone, g r ave l ,  and sand 
Potash mi n ing 
Residenti a l  construction 
Nonr e s ident i a l  construct ion 
A l l  other con s t r uc t i on  
Construction ma intenance 
Food p r odocts 
Fabrics and app a r e l  

W ood  and lumber p r oducts 
P r i nt ing 
Chemical products 
Plastics and petroleum products 
Glass and stone prod1.JCts 
Pr imary meta l  products 
Fab r i cated metal prod1.JCts 
Machinery 
Electr i ca l  prodocts 
Transportat ion and wa rehousing 
Commun ications 
Electr i ca l  u t i l i t y  
Gas u t i l i ty 
Water and sf!wer 
Wholesale trade 
Reta i l  trade 
Fi nance, insurance!, and real estate 
Lodging and personal and repa i r  s�rvices 
Bus i ne ssee and m isce llaneous services 
Hed lea 1 and nonprofl t 
WIPP surface construction, 1980 
WIPP sur face construction , 198 1 
WIPP sur face construction, 1 9 8 2  
WIPP sur face construct ion , 1 9 8 3  
WIPP sur face constroct l on ,  1984 
WIPP construction management and des ign 
WIPP underground constr uc t ion, 1980 
WtPP underg round construction, 1981 
WtPP underground construction, 1982 
W I PP underg round con!truct ion , 1983 
WIPP underg round conat r oc t i on ,  1984 
WtPP gene r a l  surface oper a t ions 
WIPP secur i ty and remot� hand l ing 
WIPP underg round oper a t ions 
Government 
Households/PC ""�kly 
Households/PC local 

Colunm sums 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
1 7  
18 
19 
20 
2 1  
2 2  
2 3  
24 
25 
26 
27 
28 
29 
30 
31 
3 2  
3 3  
34 
35 
36 
)7 
39 
39 
40 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
48 
49 
50 
51 
52 
53 
54 

4 1  

0 . 00000 
0 . 00000 
0 . 00006 
0 . 00000 
0 . 00000 
0. 00032 
0 . 0 0000 
0 . 00000 
0 . 00000 
0 . 00744 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 0 4 7  
0 . 00000 
0 . 00000 
0 . 00 1 3 6  
0 . 00 0 1 1  
0 . 00000 
0 . 0 0 4 3 1  
0 . 00 4 3 9  
0 . 00094 
0 . 00000 
G . 00000 
0. 066 13 
0 . 00000 
0 . 00830 
0 . 00 2 1 1  
0 . 00000 
0 . 00008 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 4 3 5 1  
0 .  27879 

0 . 4 1 8 3 2  

42 

0 . 00000 
0 . 00000 
0 . 00006 
0 . 00000 
0 . 00000 
0. 00032 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 7 4 4  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 0 4 7  
0 . 00000 
0 . 00000 
0 . 00 1 36 
0 . 0 0 0 1 1  
0 . 00000 
0 . 00 4 3 1  
0 . 0 0 4 3 9  
0 . 00094 
0 . 00000 
0 . 00000 
0. 06613 
0 . 00000 
0 . 00830 
0 . 00 2 1 1  
0 . 00000 
0 . 00008 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 06000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 3 8 17 
0 . 2 4 4 4'; 

0 .  37864 

Industry Purchasing 
4 3  44 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 4 9 4  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 0 5 1  
0 . 00090 
0 . 00 4 3 0  
0 . 00001 
0 . 00000 
0 . 00001 
0 . 00238 
0 . 00009 
0 . 00803 
0 . 0 1 4 78 
0 . 00 2 14 
0 . 00262 
0 . 00 1 1 8  
o .  0 1 3 2 3  
0 . 0 1 6 5 2  
0 .  3 1 4 3 5  
0 . 0 1 5 8 4  
0 . 0 5 4 9 7  
0 . 00 2 2 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 53737 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00268 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00001) 
0 . 000(10 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00051 
0 . 00 1 4 1  
0 . 00000 
0 . 00 4 0 1  
0 . 00067 
0 . 00882 
0 . 00000 
0 . 00000 
0. 0 7 4 48 
0 . 00000 
0 . 0 0 3 4 7  
0 . 00 2 3 6  
0 . 00000 
0 . 0 0 0 1 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 4 8 7 3  
0 . 2 7 2 9 4  

0 . 7 1638 0 . 4 20 1 9  

4 5  

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00268 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00051 
0 . 0 0 1 4 1  
0 . 00000 
0 . 00 4 0 1  
0 . 00067 
0 . 00882 
0 . 00000 
0 . 00000 
0 . 07448 
0 . 00000 
0. 0 0 3 4 7  
0 . 00236 
0 . 00000 
0 . 00 0 1 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 5 4 5 2  
0 .  30537 

0 . 4 5 8 4 1  

46 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00268 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00051 
0 . 0 0 1 4 1  
0 . 00000 
0 . 00401 
0 . 00067 
0 . 00882 
0 . 00000 
0 . 00000 
0 . 07 4 48 
0 . 00000 
0 .  00347 
0 . 00236 
0 . 00000 
0 . 00011 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 5 4 6 2  
0 . 30590 

4 7  

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00268 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00051 
0 . 00 1 4 1  
0 . 00000 
0 . 00 4 0 1  
0 . 00067 
0 . 00882 
0 . 00000 
0 . 00000 
0 . 07 4 48 
0 . 00000 
0 . 00347 
0 . 00236 
0 . 00000 
0 . 00 0 1 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 .00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 5 2 6 5  
0 .  29485 

48 

0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00268 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 0 5 1  
0 . 00 141 
0 . 00000 
0 . 00 4 0 1  
0 . 00067 
0 . 00882 
0 . 00000 
0 . 00000 
0 . 07 4 4 8  
0 . 00000 
0 . 00 3 4 7  
0 . 00236 
0 . 00000 
0 . 00011 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 04802 
0 . 26896 

0 . 45904 0 . 4 46 0 2  0 . 4 1 5 50 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 
17 
18 
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26 
27 
28 
29 
30 
3 1  
32 
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
46 
47 
48 
49 
50 
51 
5 2  
5 3  
5 4  



Table L- 1 .  I nput-Output Tables ,  Lea and Eddy Count ies , 
November 1 97 9 :  D i rect Coeff ic ients (Continued) 

Industry Purchasin9 

I ndustry Sel
.
lin9 49 so �I 5� 53 54 Row Suaa 

Livestock and l ivestock products l 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00024 0 . 00095 1 0 . 68235 
Cotton 2 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 2 0 . 15525 
Grains and aeeds 3 0 . 00000 0 . 00133 0 . 00000 0 . 00001 0 . 00010 0 . 00041 3 0 . 33565 
P r u i t&  and veqetables 4 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00020 0 . 00078 4 0 . 00889 
Forestry and f i shery products s 0 . 00000 0 . 00002 0 . 00000 0 . 00000 0 . 00021 0 . 00083 5 0 . 09210 
Aqr icultural services 6 0 . 00000 0 . 00000 0 . 00000 0 . 00001 0 . 00007 0 . 00026 6 0 . 21110 
Mlacellaneous metallic and maimetallic minerals 7 0 . 00000 0 . 00004 0 . 00000 0 . 00000 0 . 00000 0 . 00000 7 0 . 01016 
Crude petroleum 8 0 . 00000 , 0 . 00065 0 . 00000 0 . 00001 0 . 00000 0 . 00000 8 0 . 48568 
Natural 9as and liquid petrolewa 9 0 . 00000 0 . 00405 0 . 00000 0 . 00006 0 . 00000 0 . 00000 9 0 . 32996 
Stone, gravel, and sand 10 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00001 10 0 . 15828 
Potash minin9 1 1  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 11 0 . 02447 
Residential construction 12 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 12 0 . 00000 
Nonresidential construction 13 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 13 0 . 00000 
All other constr uction 14 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 14 0 . 00000 
Construction aaintenance 1 5  0 . 00494 0 . 02048 0 . 00205 0 . 02145 0 . 00000 0 . 00000 15 0 . 37554 
Pood product.a 16 0 . 00000 0 . 00005 0 . 00000 0 . 00000 0 . 00417 0 . 01668 16 0 . 08958 
Fabric• and apparel 1 7  0 . 00000 0 . 00036 0 . 00000 0 . 00004 0 . 00001 0 . 00003 1 7  0 . 11240 
Wood and lllllber products 18 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 18 0 . 09763 
Pr intinq 19 0 . 00051 0 . 00037 0 . 00000 0 . 00014 0 . 00072 0 . 00287 19 0 . 0 3 3 1 6  
Che•ical product& 20 0 . 00090 0 . 00015 0 . 00000 0 . 00149 0 . 00013 0 . 00053 20 0 . 16 3 7 9 ·  
Plastics and petroleum products 21 0 . 00430 0 . 02989 0 . 00000 0 . 00406 0 . 00047 0 . 01901 21 0 . 49214 
Glau and atorw product.a 22 0 . 00001 .. 0 . 00001 0 . 00000 0 . 00002 0 . 00000 0 . 00001 22 0 . 16691 t4 Pr imary metal product.a 23 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 23 0 . 00000 

I Fabr icated •etal product& 24 0 . 00001 0 . 00000 0 . 00000 0 . 00001 0 . 00000 0 . 00000 24 0 . 01841 � 
0 Machinery 25 0 . 00238 0 . 00017 0 . 01535 0 . 00337 0 . 00012 0 . 00048 25 0 . 12043 

Blee tr i cal products 26 0 . 00009 0 . 00000 0 . 00000 0 . 00006 0 . 00000 0 . 00000 26 0 . 01375 
Transportation and varehousin9 27 0 . 00803 0 . 08829 0 . 00977 0 . 01274 0 . 00395 0 . 01578 27 0 .83680 
Communications 28 0 . 01478 0 . 00861 0 . 00259 0 . 01371 0 . 00280 0 . 01119 28 0 . 26830 
Blee tr ical utili ty 29 0 . 00214 0 . 01622 0 . 04470 0 . 00445 0 . 00354 0 . 01416 29 0 . 48067 Gae utility 30 0 . 00262 0 . 00338 0 . 00000 0 . 00377 0 . 00207 0 . 00828 30 0 . 53547 
Water and •-r 31 0 . 00118 0 . 00114 0 . 00000 0 . 00119 0 . 00085 0 . 00340 31 0 . 06831 
Wholesale trade 32 0 . 01323 0 . 02379 0 . 00250 0 . 01423 0 . 01102 0 . 04406 32 1 . 59229 
Retail trade 33 0 . 01652 0 . 01069 0 . 00138 0 . 00674 0 . 03834 0 . 1 5335 33 o. 72415 
Pi nance, insurance, and real estate 34 0 . 0 3435 0 . 01853 0 . 00694 0 . 03167 0. 01140 0 . 04561 34 1. 16017 
Lod9in9 and peraonal and repair services 35 0 . 01584 0 . 02424 o . ooou 0 . 01177 0 . 012'1 0 . 05163 35 0 . 44278 
eusi na B8eB and •iscellaneous services 36 0 . 05497 0 . 00894 0 . 00000 0 . 0134 5 0 . 00179 0 . 00714 36 0 . 80892 
Medical and nonprofi t  37 0 . 00221 0 . 00052 0 . 00119 0 . 00188 0 . 00238 0 . 00953 37 0 . 05452 
WIPP surface constr uction, 1980 38 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 0 . 00000 
WIPP aurf ace construction, 1981 39 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 39 0 . 00000 
WIPP aurface construction, 1982 40 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 0 . 00000 
WIPP sur face constr uc t i on ,  1983 41 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 41 0 . 00000 
WIPP surface construction, 1984 42 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 42 0 . 00000 
WIPP construction mana9e•ent and desi9n 43 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 43 0 . 00000 
WIPP underground construction, 1980 44 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 44 0 . 00000 
WIPP under9rc . .  w construction, 1981 45 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 5  0 . 00000 
WIPP under9round conatruction, 1982 46 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 46 0 . 00000 
WIPP under9round construction, 1983 47 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 47 0 . 00000 
WIPP under9round conatr uction, 1984 48 0 . 00000 0 . 00000 0 . 00011,P 0 . 00000 0 . 00000 0 . 00000 48 0 . 00000 
WIPP 9eneral aurfac:e operations 49 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 49 0 . 00000 
WIPP aecuri ty and remote handlinq 50 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 50 0 . 00000 
WIPP under9round operations 51 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 51 0 . 00000 
Gover.,.ent 52 0 . 00000 0 . 00000 0 . 00000 0 . 03548 0 . 02100 0 . 08500 52 0 . 83762 Boueehold•/PC .... kly 5 3  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 53 0 . 41131 Boueehold•/PC local 54 0 . 57448 o . 56290 0 . 54173 0 . 45300 0 . 00000 0 . 00000 54 1 5 . 35617 

---- --- --- ---- --- ---
Column a.- 0 . 75349 0 . 82482 0 . 62884 0 . 63481 0 . 11849 0 . 49198 
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Table L- 2 .  I nput-Output Tables , Lea and Eddy Countie s ,  November 
Di rect , I ndirect , 

Industry Sellinq 

Livestock and livestock products 1 
Cotton 2 

Grains and seeds 3 

Fruits and veqetables 4 

Forestry and fishery products 5 

Aqr i cultural services 6 

Miscellaneous metallic and nonmetallic minerals 7 

Crude petrole1m 8 
Natural qas and liquid petroleum 9 

Stone, qravel, and sand 10 
Potash Mininq 11 

Residential construction 1 2  
Nonresidential construction 13 
All other construction 14 
Constr uc t i on  maintenance 15 
Food products 16 
Fabrics and apparel 17 
Wood and lumber products 18 
Pr int inq 19 
Chemical products 20 
Plastics and petroleWI products 21 
GlaBB and stone products 22 
P r i11ary metal products 23 
Fabr icated metal products 24 
Mach inery 25 
l!lectr ical products 26 
Transpor tation and warehousinq 27 
C01Bun i ca t i ona 28 
Electr ical util i ty 29 
Gas u t i l i ty 30 
Water and seve-r 31 
Wholesale trade 32 
Retail trade 33 
Finance, insurance, and real estate 34 
Lod9in9 and personal and repa i r  aervices 35 
Busi nesses and miscellaneous services 36 
Med ical and nonpro f i t  3 7  
NIPP sur f ace construction, 1 9 8 0  3 8  
WIPP surface constr uction, 1981 39 
WIPP surface construction, 1982 40 
NIPP sur face construction, 1983 4 1 
NIPP surface construction, 1984 42 
WIPP construction management and design 43 
WIPP underq round constructi on ,  1980 44 
NIPP underqround const r uction, 1981 45 
NIPP underq round constr uction, 1982 46 
NIPP underground constr uction, 1983 47 
NIPP underground construction, 1984 48 
NIPP general sur face operations 49 
WI PP  secur i ty and r .... ote handlinq 50 
WIPP underground operations 51 
Government 52 
Households/PC weekly 53 
Hous�holds/PC local 54 

Colwnn swns 

and 

1 .  51090 
0 . 00433 
0 . 41657 
0 . 00102 
0 . 00024 
0 . 01001 
0 . 00009 
0 . 01322 
0 . 00206 
0 . 00091 
0 . 00055 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 01447 
0 . 04040 
0 . 00015 
0 . 00010 
0 . 00108 
0 . 00477 
0 . 02844 
0 . 00013 
0 . 00000 
0 . 00001 
0 . 00061 
0 . 00001 
0 . 03758 
0 . 00934 
O . Oll61 
0 . 00589 
0 . 00496 
0 . 05286 
0 . 06697 
0 . 05689 
0 . 02492 
0 . 02349 
0 . 00402 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0. 02872 
0 . 00000 
0 . 24680 
----
2 . 6 2 4 1 1  

I nduced Coeff icients 

Industry Purchaainq 
4 5 6 

0 . 04604 0 . 15328 0 . 02313 0 . 24603 0 . 00534 
1. 01744 0 . 00089 0 . 00050 0 . 00327 0 . 00184 
o .  01399 1 . 07 3 51 0 . 00712 0 . 06893 0 . 00995 
0 . 00038 0 . 00031 1 .  00402 0 . 00051 0 . 00127 
0 . 00030 0 . 00026 0 . 00019 1 . 07792 0 . 00041 
0 . 10394 0 . 01452 0 . 05937 0 . 03017 1 . 00057 
0 . 00011 0 . 00023 0 . 00009 0 . 00002 0 . 00000 
0 . 02325 0 . 02150 0 . 00923 0 . 02268 0 . 00558 
0 . 00297 0 . 00260 0 . 00147 0 . 00298 0 . 00178 
0 . 00157 o. 00212 0 . 00105 0 . 00020 0 . 00005 
0 . 00080 0 . 00 1 3 7  0 . 00061 0 . 00010 0 . 00002 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 01803 0 . 01623 0 . 01079 0 . 00665 0 . 00343 
0 . 00657 0 . 00814 0 . 00411 0 . 03027 0 . 00810 
0 . 00017 0 . 00014 0 . 00010 0 . 00017 0 . 00011 
0 . 00012 0 . 00010 0 . 00007 0 . 00007 0 . 00004 
0 . 00141 0 . 00 1 1 1  0 . 00081 0 . 00148 0 . 00153 
0 . 00643 0 . 00835 0 . 00 3 1 3  0 . 00217 0 . 00061 
0 . 05023 0 . 04648 0 . 01986 0 . 04896 0 . 01 1 7 3  
0 . 00018 0 . 00020 0 . 00012 0 . 00007 0 . 00003 
0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00086 0 . 00001 0 . 00001 0 . 00002 0 . 00000 
0 . 00002 0 . 00064 0 . 00046 0 . 00057 0 . 00053 
0 . 02361 0 . 00002 0 . 00001 0 . 00002 0 . 00001 
O . Oll50 0 . 02700 0 . 01647 0 . 02285 0 . 01141 
0 . 01802 0 . 00898 0 . 00617 0 . 00853 0 . 00766 
0 . 00781 0 . 01038 0 . 00888 0 . 01108 0 . 00989 

0 . 01079 0 . 00638 0 . 00457 0 . 00847 0 . 00784 
0 . 05887 0 . 00955 0 . 00904 0 . 00280 0 . 00225 
0 . 08122 0 . 05080 0 . 03878 0 . 05948 0 . 02457 
0 . 1 1 2 8 3  0 . 06936 0 . 04510 0 . 07780 0 . 07 31 3  
0 . 03111 0 . 07563 0 . 04115 0 . 05798 0 . 03306 
0 . 04582 0 . 02352 0 . 01783 0 . 03298 0 . 02759 

0 . 00473 0 . 04065 0 . 02363 0 . 01368 0 . 00872 
0 . 00000 0 . 00374 0 . 00285 0 . 00467 0 . 00488 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 

0 .  03973 0 . 03253 0 . 02583 0 . 04067 0 . 04454 
0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 
0 . 30595 0 . 25042 0 . 1 9910 0 . 39272 o.  45748 
--- --- --- --- ---
2 . 04678 1 . 96093 1 .  58565 2 . 27 698 l .  7 6 5 9 7  

1979 : 

7 8 

0 . 00194 0 . 00110 
0 . 00090 0 . 00050 2 
0 . 00110 0 . 00069 3 
0 . 00042 0 . 00022 4 
0 . 00053 0 . 00025 5 
0 . 00034 0 . 00022 6 
1 . 00846 0 . 00001 7 
0 . 00774 1 . 00833 8 

0 . 00301 0 . 00194 9 
0 . 00007 0 . 00023 10 
0 . 00018 0 . 00003 11 
0 . 00000 0 . 00000 12 
0 . 00000 0 . 00000 1 3  
0 . 00000 0 . 00000 14 
0 . 00699 0 . 03 197 1 5  
0 . 00840 0 . 00453 16 
0 . 00016 0 . 00010 17 
0 . 00042 0 . 00015 18 
0 . 00165 0 . 00120 19 
0 . 02340 0 . 00380 20 
0 . 01 6 1 3  0 . 01224 21 
0 . 00005 0 . 00012 22 
0 . 00000 0 . 00000 23 
0 . 00001 0 . 00010 24 
0 . 01 1 54 0 . 00049 25 
0 . 00003 0 . 00001 26 
0 . 02348 0 . 00956 27 
0 . 01163 0 . 00736 28 
0 . 02340 0 . 01873 29 
0 . 01326 0 . 00828 30 
0 . 00246 0 . 00225 31 
0 . 03643 0 . 02022 32 
0 . 07 8 1 4  0 . 04827 33 
0 . 04404 0 . 12074 34 
0 . 03039 0 . 0 1928 3 5  
0 . 01922 0 . 02643 36 
0 . 00646 0 . 00384 37 
0 . 00000 0 . 00000 38 

0 . 00000 0 . 00000 39 
0 . 00000 0 . 00000 40 

0 . 00000 0 . 00000 4 1  
0 . 00000 0 . 00000 42 
0 . 00000 0 . 00000 43 
0 . 00000 0 . 00000 44 
0 . 00000 0 . 00000 45 

0 . 00000 0 . 00000 46 
0 . 00000 0 . 00000 47 
0 . 00000 0 . 00000 48 
0 . 00000 0 . 00000 49 
0 . 00000 0 . 00000 50 
0 . 00000 0 . 00000 51 
0 . 04891 0 . 02978 52 

0 . 00000 0 . 00000 5 3  
0 . 4 7 8 1 6  0 . 25761 54 
--- ---
i .  qo946 1 .  6 4 0 59 



Table L-2 .  Input-Output Table s ,  Lea and Eddy Counties , November 197 9 :  
Direc t ,  Ind irect , and Induced Coefficients ( Continued )  

Industr� Purchasin5 
Industry S.. ll l nq 9 10 1 1  1 2  13 14 15 16 

Livestock ISl'ld livestock products 1 0 .00144 0 . 00234 0 . 00174 0 . 00255 0 . 00248 0 . 00246 0 . 00302 0 . 12 3 5 2  1 
Cotton 2 0 . 00064 0 . 00109 0 . 00081 0 . 00121 0.  00115 0 . 00 1 1 5  0 . 00143 0 . 1 1033 2 
Grains and seeds 3 0 . 00090 0 . 00141 0 . 00100 0 . 00182 0 . 00162 0 . 00169 0 . 00176 0 . 0 5 9 1 1  3 
Fru i ts and veqetables 4 0 . 00029 0 . 00047 0 . 00037 0 . 00050 0 . 00049 0 . 00049 0 . 00061 0 . 00193 4 
Forestry ISl'ld f i s he r y  products 5 0 . 00034 0 . 00055 0 . 00047 0 . 00058 0 .00056 0 . 00056 0 . 00068 0 . 00030 5 
Agr icultural services 6 0 . 00030 0 . 00045 0 . 00030 0 . 00189 0 . 00125 0 . 00331 0 . 00103 0 . 01259 6 
Miscellaneous metallic ISl'ld nonmeta l l ic minerals 7 0 . 00002 0 . 00001 0 . 00003 0 . 00001 0 . 00001 0 . 00001 0 . 00001 0 . 00008 7 
Crude petroleum 8 0 . 00811 tl . 01468 0 . 00990 0 . 01160 0 . 0 1 3 1 3  0 . 02214 0 . 01335 0 . 00938 8 
Natural gas ISl'ld l iquid petroleum 9 1 . 17713 0 . 00426 0 . 00916 0 . 00 3 1 3  0 . 00323 0 . 00387 0 . 00348 0 . 00247 9 
Stone, g r ave l ,  and sand 10 0 . 00032 1 . 00839 0 . 00007 0 . 00 3 9 1  0 . 00522 0 . 02274 0 . 00689 0 . 0004 7 10 
Potash min ing 1 1  0 . 00008 0 . 00055 1 . 01 4 3 1  0 . 00002 0 . 00003 0 . 00005 0 . 00002 0 . 00011 11 
Residential constr \X:' t ion 1 2  0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 2  
Nonresidential construc t ion 13 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 13 
All other constr ix:::t i on  1 4  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 14 
Construct ion maintenance 15 0 . 0 4 4 34 0 . 01570 0 . 00762 0 . 00720 0 . 00743 0 . 00808 1 . 00715 0 . 00922 1 5  
F ood  products 16 0 . 00589 0 . 01007 0 . 00751 0 . 01085 0 . 01065 0 . 0 104 3 0 . 0 1 3 2 1  1 . 03388 16 
Fabr ics ISl'ld appar e l  1 7  0 . 00014 0 . 00027 0 . 00015 0 . 00139 0 . 00031 0 . 00095 0 . 00037 0 . 00037 1 7  
Wood and lumber products 18 0 . 00021 0 . 00030 0 . 00059 0 . 03830 0 . 01209 0 . 00224 0 . 00395 0 . 00007 18 
Pr int inq 19 0 . 00159 0 . 00209 0 . 00148 0 . 00223 0 . 00220 0 . 00214 0 . 00262 0 . 00254 19 
Chemical products 20 0 . 0 1050 0 . 00788 0 . 02170 0 . 00162 0 . 00308 0 . 00403 0 . 00143 0 . 00282 20 
Plastics and petroleum products 21 0 . 01588 0 . 03098 0 . 01890 0 . 02 4 5 5  0 . 02802 0 . 04750 0 . 02830 0 . 01987 21 

� Glass and stone products 22 0 .  00017 0 . 05705 0 . 00005 0 . 02762 0 . 03650 0 . 02337 0 . 0034 1 0 . 00009 22 

I Primary metal products 23 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 23 

..... Fabr icatetj metal prodix::: ts 24 0 . 00006 0 . 00001 0 . 00001 0 . 00197 0 . 00310 0 . 00188 0 . 00048 0 . 00001 24 
"' Machinery 25 0 . 00068 0 . 00628 0 . 01642 0 . 00156 0 . 00182 0 . 00167 0 . 00130 0 . 00053 25 

Electr ical products 26 0 . 00002 0 . 00003 0 . 00003 0 . 00023 0 . 00032 0 . 00026 0 . 00010 0 . 00002 26 
Transpor tation and warehousing 27 0 . 0 1275 0 . 03849 0 . 02270 0 . 05020 0 . 05228 0 . 07166 0 . 04317 0 . 03909 27 
Coaanunications 28 0 . 00996 0 . 0 1 234 0 . 01066 0 . 0 1654 0 . 01802 0 . 01692 0 . 01634 0 . 01229 28 
Electr ical u t i l i ty 29 0 . 0 1 6 8 5  0 . 04348 0 . 03 226 0 . 01718 0 . 0 1685 0 . 0 1719 0 . 0 1875 0 . 0 1617 29 
Gas u t i l ity 30 0 . 03 3 3 7  0 . 01743 0 . 04859 0 . 0 1 230 0 . 01224 0 . 01231 0 . 01389 0 . 00958 30 
Water and sewe r  3 1  0 . 00358 0 . 00602 0 . 00226 0 . 00376 0 . 00383 0 . 00374 0 . 00411 0 . 00358 31 
Wholesale trade 32 0 . 03213 0 . 06957 0 . 02708 0 . 08919 0 . 08641 0 . 07947 0 . 08083 0 . 05706 3 2  
Retail trade 33 0 . 06323 0 . 10556 0 . 07059 0 . 18599 0 . 14757 0 . 13 59 5  0 . 18448 0 . 05893 3 3  
Finance , i nsurance, a nd  real estate 34 0 . 16625 0 . 07980 0 . 04067 0 . 06006 o .  06247 0 . 06 10 5  0 . 06298 0 . 04640 34 
Lodg ing and personal and repair services 35 0 . 02 5 4 1  0 . 0 4 8 56 0 . 02751 0 . 04626 0 . 04833 0 .04827 0 . 0 5 147 0 . 02661 3 5  
Busi nesses a nd  miscel laneous ser v i ces 36 0. 03654 0 . 04972 0 . 01914 0 . 07343 0 . 09163 0. 06142 0 . 03 7 56 0 . 02324 36 
Med ical ISl'ld nonpro f i t  37 0 . 00508 0 . 00669 0 . 00594 0 . 00776 0 . 00806 0 . 00776 0 . 00876 0 . 00438 37 
WIPP sur face constr ix::: tion, 1980 38 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 
WIPP sur face construction, 198 1 39 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 39 
WIPP surface constrl.K:tion, 1982 40 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 
WIPP sur face construction, 1983 41 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 41 
WIPP sur face construction, 1984 42 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 42 
WIPP construct ion management and design 43 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 43 
WI PP underground constrl.K: tion, 1980 44 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 44 
WIPP underground construction , 1981 4 5  0 .00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 5  
WIPP underground constrl.K:t ion, 1982 4 6  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 6  
WIPP underg round constr uction , 1983 47 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 7  
WIPP underground cons trl.K:tion, 1984 48 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 48 
WIPP general sur face oper ations 49 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 49 
WIPP security and remote hand l i ng 50 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 50 
WIPP under g round operat ions 51 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 51 
Government 52 0 . 03963 0 . 06004 0 . 04429 0 . 06363 0 . 06263 0 . 06095 0 . 07548 0 . 03393 5 2  
Households/PC week ly 53 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 53 
Housetnlds/PC local 54 0 . 3 3 3 1 8  0 . 56905 0 . 4 2858 0 . 60984 0 . 5995 5  0 . 58792 0 . 74892 0 . 30990 54 

--- --- --- --- --- ---
column sums 2 . 04698 2 .  27161 1 . 89298 2 . 3808 5 2. 34460 2 . 32560 2 . 44 1 3 1  2 . 03090 
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Table L-2 .  Input-Output Table s , Lea and Eddy Count ies ,  November 1979 : 
Dir ec t ,  Indirec t ,  and Induced Coefficients ( Continued ) 

Industry Se l l i ng  

Livestock and l i vestock products 
Cot ton 
Gra ins and seeds 
Fru i ts and vegetables 
For e s t r y  and fishery products 
Agr icul t u r a l  servlces 
Misce l l aneous met a l l i c  and nonmeta l l ic miner a l s  
Crude petroleum 
Natura l gas and l i qu i d  petroleum 
Stone, g r ave l ,  and sand 
Potash mining 
Residen t i a l  constr uc t i on  
Non r e s i de n t i a l  construction 
A l l  other constr uction 
Construction maintenance 
Food p r<>ducts 
Fabr ics and app a r e l  
W ood  and lumber products 
Pr i n t i ng 
Chemical products 
P l a st i c s  and petroleum products 
Glass and stone products 
Pr imary me tal products 
Fabr icated metal products 
Machinery 
Elec tr ica l products 
Transportat ion and warehousing 
Commun ications 
Electr ical u t i l i t y  
Gas u t i l i ty 
water and sewer 
Wholesale tr ade 
Re ta 11 trade 
Finance, insurance, and real estate 
Lodging and per sona l and repa i r  ser v ices 
Bus i nesses and m is ce l l aneous services 
Med ical and nonpro f i t  
W I P P  sur face construct ion, 1 9 8 0  
W I PP s u r face construct ion , 1 9 8 1  
WI PP surface construction, 1 9 8 2  
WIPP sur face construct ion , 1983 
WIPP sur face construct ion, 1984 
WIPP conRtruc tion management and design 
WI PP underground con s t r uc t ion, 1980 
WIPP underground construction , 1981 
WIPP underg round cons t r uc t i on ,  1982 
WIPP underg round construction ,  1983 
WIPP underg round construct ion ,  1984 
WIPP gene r a l  sur face oper a t i ons 
WIPP secur ity and remote hand ling 
WIPP underg round oper a t i ons 
Government 
!louseho ld•/PC weekly 
Hou$eholds/PC loca l 

Col umn sum5 

4 
s 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
15 
1 6  
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2 8  
2 9  
30 
31 
32 
3 3  
3 4  
3 5  
36 
37 
38 
)9 
40 
4 1  
4 2  
4 3  
4 4  
4 5  
46 
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
53 
5 4  

1 7  

0 . 0 1 7 3 5  
0 . 0 3 8 25 
0 . 00 5 4 3  
0 . 00 0 4 2  
0 . 0 1878 
0 . 0 0 4 7 4  
0 . 00001 
0 . 00794 
0 . 00 2 4 5  
0 . 00012 
0 . 00005 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00680 
0 . 00948 
1 . 1 1 2 4 1  
0 . 00007 
0 . 00 1 7 7  
0 . 00186 
0 . 0 1 6 7 2  
0 . 00007 
0 . 00000 
0 . 00001 
0 . 00066 
0 . 00002 
0 . 0 2 509 
0 . 0 1 3 1 6  
0 . 02016 
0 . 0 1 0 2 2  
0 . 00 3 4 7  
0 . 0 59 7 0  
0 . 08 48 5  
0 . 0 5 3 1 9  
0 . 0 3 3 3 3  
0 . 0208 1 
0 . 00 6 0 3  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 05 2 2 2  
0 . 00000 
0 . 4 9 8 5 4  

2 . 1 26 2 4  

18 

0 . 00186 
0 . 00090 
0 . 00 1 1 0  
0 . 00037 
0 . 0 0 0 4 4  
0 .  0 0 0 3 7  
0 . 00001 
0 . 00764 
0 . 00260 
0 . 00009 
0 . 00003 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 7 9 3  
0 . 00805 
0 . 00109 
1. 008 11 
0 . 00167 
0 . 0 0 3 5 5  
0 . 0 1 6 0 0  
0 . 00043 
0 . 00000 
0 . 00001 
0 . 00 2 5 8  
0 . 00003 
0 . 0 4 2 4 6  
0 . 01 3 1 6  
0 . 01 8 3 2  
0 . 01077 
0 . 00 2 4 1  
0 . 07 26 7  
0 . 07546 
0 . 0 5 1 2 2  
0 . 0 3 1 3 4  
0 . 02072 
0 . 00556 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
o•. 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0. 0 4 6 3 3  
0 . 00000 
0 . 4 5 1 9 2  

1 . 90719 

Industry Purchasin9 
19 20 

0 . 00 16 4  
0 . 00080 
0 . 00096 
0 . 00034 
0 . 00 0 4 4  
0 . 00031 
0 . 00 0 0 2  
0 . 00674 
0 . 00 2 2 3  
0 . 00007 
O . OO O l l  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00 7 7 7  
0 . 00649 
0 . 00 1 76 
0 . 00007 
1 . 0 1 7 5 4  
0 . 0 1 4 09 
0 . 0 1 4 16 
0 . 00006 
0 . 00000 
0 . 00001 
0 . 00061 
0 . 00004 
0 . 0 2 3 8 3  
0 . 01936 
0 . 0 1 5 19 
0 . 009 3 2  
0 . 00280 
0 . 04 2 5 5  
0 . 06 9 4 2  
0 . 0 4 9 9 1  
0. 02968 
0 . 03904 
0 . 00608 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 04 7 2 2  
0 . 00000 
0 . 39 2 9 3  

1 . 8 2 4 00 

0 . 00 3 59 
0 . 0 0 1 2 8  
0 . 00 1 8 5  
0 . 00 1 7 1  
0 . 0 0 4 8 1  
0 . 00065 
0 . 00 1 3 3  
0 . 03651 
0 . 01 0 5 1  
0 . 00052 
0 . 00808 
0 . 00000 
0 . 00000 
0 . 00000 
0. 0 1 2 9 2  
0 .  Ol 184 
0 . 00 0 4 5  
0 . 00010 
0 . 0 0 2 2 1  
1 .  0 5 4 19 
0 . 07 7 9 4  
0 .  00011 
0 . 00000 
0 . 00006 
0 . 00097 
0 . 00005 
0 . 0 4 1 3 1  
0 . 01 518 
0 . 03091 
0. 03013 
0 . 00579 
0 . 05487 
0 . 10 2 2 3  
0 .  06656 
0 . 04050 
0 . 03070 
0 . 00 7 4 4  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 06 3 8 5  
0 . 00000 
0 . 6 1 4 1 0  

2 .  3 1 5 2 3  

2 1  

0 . 00 1 4 2  
0 . 00065 
0 . 00089 
0 . 00029 
0 . 00 0 3 4  
0 . 00028 
0 . 00006 
0 . 4 9 1 9 7  
0 . 0 3 4 2 1  
0 . 0 0 0 2 3  
0 . 00007 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0309 1 
0 . 0 0 5 9 7  
0 . 00 0 2 2  
0 . 00 0 1 5  
0 . 00 1 4 0  
0 . 00887 
1. 0 7 1 4 0  
0 .  0 0 0 1 3  
0 . 00000 
0 . 00007 
0 . 00057 
0 . 00002 
0 . 04 4 1 7  
0 . 00909 
0 . 0 2 1 6 5  
0 . 0 2 6 4 2  
0 . 00 4 3 7  
0 . 0 3 0 3 5  
0 . 05998 
0 . 09850 
0 . 0 2 4 50 
0 . 0 3 0 7 7  
0 . 00 4 5 7  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 3 8 59 
0 . 00000 
0 . 3 3 8 8 2  

2 . 18 1 91 

22 

0 . 00 2 50 
0 . 00 1 1 7  
0 . 0 0 1 6 3  
0 . 00050 
0 . 00 0 5 7  
0 . 00046 
0 . 00001 
0. 0 1 4 9 5  
0 . 00 5 0 2  
0 . 06838 
0 . 00006 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 1 268 
0 . 0 1 0 7 0  
0 . 00 0 8 1  
0 . 0 0 0 2 2  
0 . 00 2 3 0  
0 . 00 2 76 
0 . 03 1 34 
1 . 02896 
0 . 00000 
0 . 00001 
0 . 00 4 4 5  
0 . 00003 
0 . 1 5 3 8 5  
0 . 0 1 8 79 
0 . 02568 
0 . 0 1 9 1 7  
0 . 00364 
0 . 06691 
0 . 10 2 4 7  
0 . 0 7 l 1 7  
0 . 04 7 1 5  
0 . 03610 
0 . 00768 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 06236 
0 . 00000 
0 . 60640 

2 . 41090 

23 

0 . 00 1 6 1  
0 . 00076 
0 . 00090 
0 . 0 0 0 3 3  
0 . 00037 
0. 0 0 0 2 7  
0 . 00000 
0 . 00 4 7 4  
0 . 00 1 5 5  
0 . 00003 
0 . 00001 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00287 
0 . 00709 
0 . 00010 
0 . 00003 
0 . 00 1 3 6  
0 . 00047 
0 . 00994 
0 . 00003 
1 .  00000 
0 . 00000 
0 . 00047 
0 . 00001 
0 . 009 28 
0 . 00673 
0 . 00869 
0 . 00689 
0 . 00 1 9 2  
0 . 0 2 1 0 3  
0 . 0 6 4 5 5  
0 . 0 2 7 7 6  
0 . 0 2 4 4 1  
0 . 00 7 3 4  
0 . 0 0 4 3 2  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 0 3 9 5 0  
0 . 00000 
0 . 4 0 7 0 4  

1 . 66 2 4 2  

2 4  

0 . 00 1 9 1  
0 . 0009 2 
O . O O l l l  
0 . 00 0 3 9  
0 . 00 0 4 4  
0 . 0 0 0 3 5  
0 . 00000 
0 . 008 2 8  
0 . 00 3 1 5  
0 . 0 0 0 1 6  
0 . 00 0 0 1  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00708 
0. 008 2 8  
0 . 00 1 0 1  
0 . 00 1 5 2  
0 . 00166 
0 . 00 1 4 1  
0 . 0 1 7 2 4  
0 . 00 0 2 5  
0 . 00000 
1 . 00 1 4 2  
0 . 0 2 4 7 5  
0 . 00005 
0 . 0 29 1 7  
0 . 0 1 3 9 2  
0 . 0 1 8 l l  
0 . 01 4 2 1  
0 . 00 2 5 3  
0 .  0 5 0 7 3  
0 . 08 4 4 8  
0 .  0 4 9 1 2  
0 . 0 3 1 06 
0 . 02036 
0 . 00 57 6  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 00000 
0 . 04 7 6 3  
0 . 00000 
0 . 4 6 9 5 6  

1 . 9 1 8 0 2  

s 

6 

8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26 
27 
28 
29 
30 
31 
32 
3 3  
3 4  
3 5  
36 
3 7 
38 
3 9  
4 0  
4 1 
4 2  
4 3  
4 4  
4 5 
4 6  
4 7  
4 8  
49 
so 

51 
5 2  
5 3  
5 4  



Table L-2 . Input-Output Table s , Lea and Eddy Count ies , November 19 7 9 :  
Direc t ,  Ind i r ec t , and Induced Coeffic ients ( Cont inued ) 

Industry Purchasing 

Industry Se l l i ng 25 26 �7 �n �9 3o u �� 
Livestock and l i vestock products 1 0 . 00 2 3 2  0 . 00203 0 . 00304 0 . 00248 0 . 00 1 1 1  0 . 00170 0 . 00277 0 . 00303 1 

Cotton 2 0 . 00 1 1 2  0 . 00098 0 . 00 1 3 1  0 . 00 1 11 0 . 00053 0 . 00080 0 . 00129 0 . 00160 2 

Gra ins and seeds 3 0 . 00 1 3 5  0 . 00117 0 . 00 3 2 5  0 . 00 159 0 . 00067 0 . 00099 0 . 00 1 6 5  0 . 00177 3 

Fr u i ts and vegetables 4 0 . 00047 0 . 00041 0 . 00056 0 . 00048 0 . 00022 0 . 00035 0 . 00056 0 . 00053 4 

Forestry and f i she r y  products 5 0 . 00053 0 . 00047 0 . 00065 0 . 00053 0 . 00026 0 . 00039 0 . 00063 0 . 00060 5 

Aqr icultural services 6 0 . 00045 0 . 00037 0 . 00054 0 . 00042 0 . 00021 0 . 00032 0 . 00053 0 . 00168 6 
Miscellaneous meta l l i c  and nonmetallic minerals 7 0 . 00001 0 . 00000 0 . 00006 0 . 00000 0 . 00000 0 . 00001 0 . 0000 1 0 . 00001 7 

Crude petroleum 8 0 . 01032 0 . 01003 0 . 02553 0 . 00837 0 . 01224 0 . 04419 0 . 0 1266 0 . 0 1 249 8 

Natural gas and liquid petroleum 9 0 . 00308 0 . 00293 0 . 01031 0 . 00284 0 . 01605 0 .  27 118 0 . 00860 0 . 00323 9 

Stone, g ravel ,  and sand 10 0 . 00008 0 . 00007 0 . 00023 0 . 00015 0 . 00025 0 . 00027 0 . 00061 0 . 00012 10 

Potash min ing 11 0 . 00001 0 . 00001 0 . 00002 0 . 00001 0 . 00003 0 . 00003 0 . 00003 0 . 00002 11 

Resident ial construct ion 12 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 12 

Nonresidential construction 1 3  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 13 

All other constr uction 14 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 14 

Construction maintenance 15 0 . 00745 0 . 00762 0 . 03048 0 . 01997 0 . 03500 0 .03746 0 . 08606 0 . 00768 15 

Food products 16 0 .  01014 0 . 00876 0 . 01204 0 . 01021 0 . 00478 0 . 00733 0 . 0 1 188 0. 01456 16 

Fabrics and apparel 17 0 . 00104 0 . 00 1 1 5  0 . 00071 0 . 00040 0 . 00037 0 . 00028 0 . 00062 0 , 00 1 26 1 7  

Wood and lumber products 18 0 . 03403 0 . 00007 0 . 00018 0 . 00012 0 . 00016 0 . 00018 0 . 00045 0 . 00045 18 

Pr int ing 19 0 . 00202 0 . 00419 0 . 00282 0 . 00220 0 . 00097 0 . 00157 0 .00252 0 . 00292 19 
Chemical products 20 0 . 00121 0 . 00074 0 . 00143 0 . 00079 0 . 00159 0 . 00301 0 . 00359 0 . 00168 20 
Plastics and petroleum products 21 0 . 02 176 0 . 02 1 1 5  0 . 05300 0 . 01754 0 . 02201 0 . 01405 0 . 02520 0 . 02647 2 1  
Glass and stone products 22 0 . 00009 0 . 00008 0 . 00016 0 . 00010 0. 00014 0 . 00015 0 . 00034 0 . 00056 22 t"' Pr imary metal products 23 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 23 I 

...... Fabr icated metal products 24 0 . 00003 0 . 00001 0 . 00002 0 . 00001 0 . 00002 0 . 00003 0 . 00005 0 . 00002 24 

,c:. Mach iner y 2 5  1 .  02056 0 . 00066 0 . 0 0 1 19 0 . 00100 0 . 00039 0 . 00068 0 . 00301 0 . 00137 25 
Electr ical products 26 0 . 00086 1. 01089 0 . 00003 0 . 00003 0 . 00001 0 . 00002 0 . 00007 0 . 00009 26 

Transpor tat ion and warehousing 27 0 . 38686 0 . 02503 1 . 1 1 58 1  0 . 0 1637 0 . 03 2 7 1  0 . 01249 0 . 03041 0 . 03 3 5 5  2 7  

Communications 28 0 . 0 1 4 5 1  0 . 01691 0 . 02248 1. 02385 0 . 00824 0 . 01220 0 . 02594 0 . 02412 28 

Electr ical u t i l i t y  2 9  0 . 0 1963 0 . 0 1821 0 . 03560 0 . 0 1996 1 . 08655 0 . 01655 0 . 04938 0 . 01948 29 

Gas u t i l ity 30 0 . 0128 1 0 . 01242 0 . 01976 0 . 0 1 2 6 2  0 .  06233 1. 58053 0 . 04357 0 . 0 1268 3 0  
Water and sewer 3 1  0 . 00 3 4 5  0 . 00274 0 . 00494 0 . 00440 0 . 00256 0 . 00362 1 . 00528 0 . 00508 3 1  
Wholesale t r ade 32 0 . 07915 0 . 04 7 7 1  0 . 06482 0 . 0 36 20 0 . 02363 0 . 02800 0 . 05375 1 . 0 5 1 1 6  3 2  

Ret a i l  trade 3 3  0 . 09930 0 . 08823 0 . 12321 0 . 10029 0 . 04809 0 . 07 356 0 . 12172 0 . 1 1892 3 3  
Fi nance , insu r ance , a nd  real estate 34 0 . 0 5 7 3 3  0 .  05846 0 . 07 6 1 5  0 . 05806 0 . 02929 0 . 07663 0 . 08804 0 . 0 7 3 0 5  3 4  
Lod g i n g  and per sonal and repai r  ser v ices 3 5  0 . 0 3749 0 .  0 3 3 8 3  0 . 07 0 7 2  0 . 10101 0 . 02020 0 . 02806 0 . 05894 0 . 05936 35 

Bus i ne sses and miscellaneous services 36 0 . 02096 0. 02572 0 . 02736 0 . 02375 0 . 01254 0 . 02464 0 . 03459 0 . 03938 36 

Medical and nonprofit 37 0 . 00680 0 . 00686 0 . 00820 0 . 00 7 12 0 . 00337 0 . 00541 0 . 009 3 2  0 . 00816 3 7  
WIPP sur face construction, 1980 38 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 
WIPP sur face construction, 198 1 39 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 0 0000 0 . 00000 39 
WIPP sur face cons truction, 1982 40 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 
WIPP sur face constr uction, 1983 4 1  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 41 

WIPP sur face construction, 1984 42 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 42 
WIPP construction management and design 43 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 43 
WIPP underground construct ion, 1980 44 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 44 
WIPP underg round construction, 1981 4 5  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 45 
WIPP underground construct ion, 1982 46 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 46 
WIPP under ground cons t r uc t ion , 198 3 4 7  0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 47 
WIPP underg round construct ion, 1984 48 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 48 
WIPP general sur face oper at ions 49 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 49 
WIPP secur ity and remote hand ling 50 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 50 
WIPP underg round oper ations 51 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 5 1  
Government 52 0 . 05780 0 . 0 5196 0 . 07246 0 . 06 1 57 0 . 03168 0 . 06621 0 . 66433 0 , 06802 52 

Households/PC weekly 53 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 53 
Households/PC local 54 0 .  57183 0 . 49829 0 . 68086 0 . 5843 5 o. 27216 0. 41856 0 . 67710 0 . 63849 54 --- --- --- --- --- --- --- ---
Columl sums 2 . 13683 1. 96017 2 . 46992 2 . 1 1990 1. 73037 2 .  73144 2 . 02550 2 . 2 3 3 6 1  
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Table L-2 .  Input-Output Table s , Lea and Eddy Counties , 
Direc t ,  Indirec t ,  and Induced Coeff icients 

November 1979 : 
(Continued) 

Industry Se l l ing 

Livestock and l i vestock products 
Cotton 
Gra ins and seeds 
Fr u i ts and vegetables 
Fore s t r y  and f i shery products 
Ag r i c u l t u r � l  services 
Misce l l aneous met a l l ic and nonmet a l l i c  mine r a l s  
Cr ude petroleum 
N a t u r a l  gas and liquid petroleum 
S tone , g r ave l ,  and sand 
Potash min ing 
Residen t i a l  con s t r uct ion 
Nonresiden t i a l  construct ion 
A l l  other construc t i on 
Cons t r uc tion maintenance 
Food produc ts 
Fabrics and appar e l  
Wood and lumber products 
P r int ing 
Chemical products 
Plastics and petroleum products 
Glass and s tone products 
Pr imary metal products 
Fabr icated metal products 
Mach inery 
Electr ical products 
Transpor t a t ion and warehousing 
conunun icat ions 
Electr lea ! u t i l i t y  
Gas u t i lity 
Water and sewer 
Wholesale trade 
Retail trade 
Finance, insu rance, and real estate 
Lodg i ng and per sona l and repair ser v i ces 
Businesses and m is ce llaneous services 
Med ica l and nonpro f i t  
WIPP sur f a ce  constr uct ion, 1980 

WIPP sur face construction , 198 1 

WIPP sur face construct ion ,  1 9 8 2  

W I P P  !'i t1 r face construction, 198 3 

WIPP sur face construction, 1 9 8 4  

W I P P  cor. struction management a n d  design 
WIPP underg round constroction ,  1980 

W I PP ur<ierground const r uction , 198 1 

WIPP underg round construction, 1982 

WI PP und�r ground con s t r uction , 198 3 

WIPP underg round con s t r uc t ion, 1984 

WIPP gene r a l  s u r face oper a t ions 
WlPP secur i ty and remotP handlinq 
WIPP unde r g round oper a t ions 
Government 
liou seholds/PC wpek ly 
Hou�,...ho ld�/PC loca l 

('n } t 1mn r : 1 11T1:. 

6 

8 

9 

10 

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  
17 

1 8  

19 

20 

21 

22 

2J 

24 

25 

26 

27 

28 

2 9  

JO 

31 

32 

J J  

J 4  

J5 

J6 

J7 

J 8  

J9 

40 

4 1  

4 2  

4 J  

4 4  

4 5  

46 

4 7  

4 8  

49 

50 

51 

52 

5J 

54 

J J  

0 . 0 0 2 5 1  

0 .  00118 

0 . 00 1 4 6  

0 . 00050 

0 . 00056 

0 . 00 0 4 J  

0 . 00000 

0 . 0 1 0 J 7  

O . OO J 7 J  

0 . 00009 

0 . 0000 1 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 9 5 7  

0 .  0 1 0 9 2  

0 . 00025 

0 . 00008 

0 . 00270 

0 . 00092 

0 . 0 2 1 66 

0 . 00007 

0 . 00000 

0 . 00001 

0 . 0009 1 

0 . 00002 

0 . 0 1 7 4 4  

0 . 0 1 7 26 

0 . 0 2 966 

0 . 0 1 6 8 J  

0 . 00 5 4 7  

o . O J 9 1 7  

1 . 10289 

0 . 08 2 9 J  

0 . 0 4 6 6 4  

0 . 0 2 J 0 1  

0 . 00 7 7 5  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 9 0 5 9  

0 . 00000 

o . q 5 20 

) • l ')2 7R 

34 

O . OO J 2 J  

0 . 00128 

0 . 00 2 4 1  

0 . 000')4 

0 . 00059 

0 . 00077 

0 . 00 0 0 1  

0 . 01 0 1 2  

0 . 00 3 9 9  

0 . 00 0 2 5  

O . OOOOJ 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 02 6 4 9  

0 . 0 1 ] 1 7 

O . OOOJ2 

0 . 000 1 7  

0 . 00 5 5 J  

0 . 00 1 1 5  

0 . 02 1 0 4  

0 .  0 0 0 1 4  

0 . 00000 

0 . 00002 

0 . 00 1 1 9  

0 . 00004 

0 . 0 2 1 1 5  

0 . 02 9 4 5  

0 . 0 2 6 JO 

0 . 0 1 568 

0 . 00 7 6 J  

0 . 04 298 

0 . 1 1 ) 4 9  

0 . 1 4 4 6 9  

0 . 0 4 6 56 

0 . 0 76 1 4  

0 . 0 1 460 

0 . 00000 

0 . 00000 

0 . 00000 

•. o .00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 09927 

0 . 00000 

0 . 6 3006 

7. l '"d 1 4 R  

Industry Purchasing 
J5 J6 

0 . 00 4 5 4  

0 . 00 1 1 4  

0 . 00 5 5 5  

0 .  000 4 7  

0 . 00054 

0 . 00070 

0 . 00001 

0 . 0 1 1 59 

O . O O J 51; 

0 . 00 0 1 4  

0 . 00002 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 1 4 J 4  

0 . 00990 

0 . 00 190 

0 . 00024 

0 . 00 2 16 

0 . 00 1 1 9  

0 . 02 4 J 9  

0 .  0 0 0 1 3  

0 . 00000 

0 . 00 0 0 1  

0 . 00 4 8 6  

0 . 00 0 1 2  

0 . 0 2 0 5 1  

0 . 0 1 786 

0 . 0 2 7 1 5  

0 . 0 1 5 J 9  

0 . 006 6 1  

0 . 0 5 1; J 6  

0 . 1 06 7 2  

0 . 08 7 1 9  

1 .  07664 

0 . 0 2 7 4 8  

0 . 00 8 4 1  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

O . Ofi / 7 7  

0 . 00000 

0. <;sqo9 

;: • 1 • ,qfl6 

0 . 00 2 7 2  

0 . 00 1 26 

0 . 00 1 6 2  

0 . 00055 

0 . 000� 1 

0 . 00048 

0 . 00001 

0 .  0 1 0 7 1  

0 . 00 3 7 1  

0 . 00 0 1 1  

0 . 00002 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 1 2 3 1  

0 . 01 16 7  

0 . 00 0 2 J  

0 . 00018 

0 . 00 2 9 4  

0 . 00 1 9 1  

0 . 02 2 4 1  

0 . 00010 

0 . 00000 

0 . 00 0 0 2  

O . OOJ50 

0. 0 0 0 1 2  

0 . 02 6 0 1  

0 . 02 8 4 9  

0 . 0 1 8 J 7  

0 . 0 1 6 58 

0 . 00 4 8 1  

0 . 05078 

0 . 1 2 5 10 

0 . 08 9 3 7  

0 . 05986 

0 . 07 4 4 9  

0 . 00986 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 08 18 8  

0 . 00000 

0 .  6•'>9 l 

7. .  'l 2 fl ' ,q 

37 

O . OO J J 8  

0 . 00 1 56 

0 . 00 1 9 9  

0 . 00068 

0. 000 7 4  

0 . 00060 

0 . 00 0 0 1  

0 , 0 1 4 6 8  

0 . 00 4 8 7  

0 . 00016 

0 . 00002 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 1 8 7 7  

0 . 0 1 4 4 0  

0 . 00 0 4 9  

0 . 00 0 1 4  

0 . 00602 

0 . 00 1 4 0  

O . OJ079 

0 . 00 0 1 2  

0 . 00000 

0 . 00001 

0 . 00 1 2 0  

0 . 00089 

0 . 02 4 9 0  

0 . 02 9 3 1  

O . O J 8 7 7  

0 . 02 1 4 5  

0 . 0 1 0 8 9  

0 .  0 6 5 8 2  

0 . 1 4 9 J6 

0 . 1 2 9 5 2  

0 . 07 2 7 1  

0 . 04 6 4 J  

1 .  0 1 2 6 8  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 09 8 4 4  

0 . 00000 

0 . 801 J4 

,' . (,0 4  ')0 

J8 

0 . 00 1 1 9  

0 . 00056 

0 . 000 7 5  

0 . 0002J 

0 . 00026 

0 . 00060 

0 . 00000 

0 . 0 0 4 0 1  

0 . 00 1 2 J  

0 . 00 7 5 J  

0 . 00 0 0 1  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 2 7 4  

0 . 00 5 1 9  

0 . 00 0 1 5  

0 . 00006 

0 . 00 1 0 4  

0 . 00046 

0 . 00 8 4 4  

0 . 00048 

0 . 00000 

0 .  0 0 1 3 7  

0 . 00057 

0 . 00001 

0 . 0 1 2 8 J  

O . O l 0 J 2  

0 . 00799 

0 . 00 5 1 7  

0 . 00 1 5 7  

0 . 08 2 6 9  

0 . 04668 

O . OJ 1 1 9  

0 . 0 2 1 2 7  

0 . 00 8 0 1  

0 . 00328 

1 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 28 4 4  

0 . 0 26 1 2  

0 . 27800 

I .  i;o04 l 

J9 

0 . 00078 

0. 00037 

0 . 00 0 5 2  

0 . 00 0 1 5  

0 . 00 0 1 7  

0 . 00 0 5 J  

0 . 00000 

0 . 0028J 

0 . 00084 

0 . 00 7 5 2  

0 . 00 0 0 1  

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00 2 0 1  

0 . 00 ) ) 9  

0 . 00 0 1 3  

0 . 00005 

0 . 00069 

0. 000 3 4  

0 . 00597 

0 . 00 0 4 7  

0 . 00000 

0 . 00 13 6  

0 . 00 0 4 5  

0 . 0000 1 

0 . 0 10 4 7  

0 . 0086 1 

0 . 00578 

O . O O J 4 2  

0 . 00 108 

0 . 07 7 3 5  

O . OJ028 

0.  0 2 4 1 4  

0 . 0 1 5 0 7  

0 . 0061 4  

0 . 00 2 1 8  

0 . 00000 

1 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 0 1 8 4 1  

0 . 0 1 4 10 

0 .  1776 1 

I .  42 1 2 4  

4 0  

0 . 00 1 3 5  

0 . 0006 4 

0 . 00084 

0 . 00 0 2 7  

O . OOOJO 

0 . 00062 

0 . 00000 

0 . 00 4 4 8  

0 . 0 0 1 3 9  

0 . 00 7 5 4  

0 . 00 0 0 1  

0 . 00000 

0 . 00000 

0 . 00000 

O . O O J O J  

0 . 00590 

0 . 00 0 1 6  

0 . 00006 

0 . 00 1 1 7  

0 . 00 0 5 1  

0 . 0 0 9 4 2  

0 . 00048 

0 . 00000 

0 . 0 0 1 3 7  

0 . 0 0 0 6 2  

0 . 0000 1 

0 . 0 1 3 76 

0. 0 1 100 

0 . 00886 

0 . 00 5 8 6  

0 . 00 1 76 

0 . 08 4 8 1  

0 . 0 5 3 18 

O . OJ 3 9 8  

0 . 0 2 J 7 2  

0 . 00 8 7 4  

O . OOJ7 1 

0 . 00000 

0 . 00000 

1 .  00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

0 . 00000 

O . O J 2 4 1  

O . O J0 8 7  

0 . 3 ! 7 7 8  

l .  6 7 0(, ]  

6 

9 

1 0  

1 1  

1 2  

I J  

I 4 

15 

1 6  
1 7  

18 

19 

2 0  

21 

22 

2J 

2 4  

25 

2 6  

2 7  

2 8  

2 9  

JO 

31 

J 2  

J J  

3 4  

J 5  

J 6  

J7 

J 8  

J9 

40 

4 1  

4 2  

4 J  

4 4  

4 5  

4 6  

4 7  

4 8  

4 9  

50 

5 1  

5 2  

5 3  
5 4  



Table L-2 .  I nput-Output Tables , Lea and Eddy Counties,  November 1 97 9 :  
Di r ect , I ndirect , and I nduced Coefficients (Continued) 

I ndustry Selling 41 42 
Industr� Purchasing 

43 n �� �i; �' �§ 
L ivestock and livestock producu 1 0 . 00178 0 . 00160 0 . 00328 0 . 00174 0 . 00192 0 . 00192 0 . 00186 0 . 00172 1 
Cotton 2 0 . 00084 0 . 00076 o . 001s2 0 . 00083 0 . 00091 0 . 00092 0 . 00089 0 . 00082 2 
Grains and seeds 3 0 . 00108 0 . 00098 0 . 00193 0 . 00100 0 . 00110 O . OOllO 0 . 00106 0 . 00099 3 
Fruiu and vegetables 4 0 . 00036 o .  00032 0 . 00066 0 . 0003S 0 . 00039 0 . 00039 0 . 00037 0 . 0003S 4 
Forestry and fishery producu s 0 . 00039 0 . 0003S 0 . 00074 0 . 00039 0 . 00043 0 .00043 0 . 00042 0 . 00038 s 
Agricultural services 6 0 . 00069 0 . 00066 o . OOOS7 0 . 00038 0 . 00041 0 . 00041 0 . 00040 0 . 00037 6 
Miscellaneous metallic and nonmetallic minerals 7 0 . 00000 0 . 00000 0 . 00001 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 7 
Crude petrolelDI 8 O . OOS12 O . OOS19 0 . 01230 0 . 00546 O . OOS9S O . OOS96 O . OOS79 O . OOS39 8 
Natural gas and liquid petrolelDI 9 0 . 00180 0 . 00162 0 . 00422 0 . 00186 0 . 00203 0 . 00203 0 . 00197 0 . 00184 9 
S tone, g ravel , and sand 10 0 . 007S4 0 . 007S4 0 . 00011 0 . 00274 0 . 0027S 0 . 0027S 0 . 0027S 0 . 00274 10 
Potash mining 11 0 . 00001 0 . 00001 0 . 00002 0 . 00001 0 . 00001 0 . 00001 0 . 00001 0 . 00001 ll 
Residential construction 12 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0. 00000 0 . 00000 0 . 00000 12 
Nonresidential constr uction 13 0. 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 13 
All other construction 14 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0. 00000 0 . 00000 14 
Conatr uctiai maintenance lS 0 . 00380 0 . 00347 0 . 01298 0 . 00380 0 . 00411 0 . 00411 0 . 00401 0 . 00376 lS 
Food producu 16 0 . 00780 0 . 00700 0 . 01412 0 . 00772 0 . 00848 0 . 00849 0 . 00823 0 . 00762 16 
Fabrics and apparel 17 0. 00019 0. 00018 0 . 00026 0. 00020 0 . 00021 0 . 00021 0 . 00020 0. 00020 17 
Wood and lumber producu 18 0 . 00007 0 . 00007 0 . 00019 o. 00012 0 . 00012 0 . 00012 0 . 00012 0 . 00012 18 
Printing 19 O . OO l S J  0 . 00138 0 . 00341 O . OOlSO 0 . 0016S 0 . 0016S 0 . 00160 0 . 00148 19 
Chemical producu 20 0 . 0006J O . OOOS8 o . 002os 0 . 00060 0 . 0006S 0 . 0006S 0 . 00063 0 . 000S9 20 
Plastics and petroleum products 21 0 . 01202 0 . 01092 0 . 02S76 0 . 01143 0 . 01247 0 . 0 1249 0 . 01 2 1 3  0 . 0 1130 21 

t" Gla88 and stone producu 22 0 . 00049 0 . 00049 0 . 00010 0 . 00022 0 . 00023 0 . 00023 0 . 00023 0 . 00022 22 

I Pr imary metal products 2J 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 2J 

..... Fabr i ca ted metal producu 24 0 . 00137 0 . 00137 0 . 00002 O . OOOSl O . OOOS2 O . OOOS2 O . OOOS2 o . ooos1 24 0\ Mach inery 2S 0 . 00075 0 . 00069 O . OOJ62 0 . 00202 0 . 00207 0 . 00207 0 . 0020S 0 . 00201 2S 
Electr ical products 26 0 . 00002 0 . 00002 0 . 00013 0 . 00002 0 . 00002 0 . 00002 0 . 00002 0 . 00002 26 
Transpor tation and warehousing 27 0 . 01624 0 . 01 S l9 0 . 02900 0 . 01597 0 . 01697 0 . 01698 0 . 01664 0 . 01 S 8 S  2 7  
Commun i ca t i  one 28 0 . 01279 0 . 0 120J O . OJ060 0 . 0089S 0 . 00968 0 . 00969 0 . 00944 0 . 00886 28 
Electr ical util i ty 29 0 . 0 1118 0 . 01020 0 . 02129 0 . 019J7 0 . 02030 0 . 02032 0 . 02000 0 . 0 192S 29 
Gas u t i l i ty JO 0 . 00770 0 . 00692 0 . 01887 0 . 00798 0 . 00872 0 .  00874 0 . 00848 0 . 00789 30 
Water and sewer Jl 0 . 00227 0 . 00206 O . OO S 4 S  0 . 00223 0 . 00243 0 . 00244 0 . 00237 0 . 00220 31 
Wholesale trade 32 0 . 09043 0 . 08804 O . OS781 0 . 09844 0 . 10071 0 . 1007S 0 . 09997 0 . 09817 3 2  
Retail trade 33 0 . 07043 0 . 06 3 1 1  0 . 14726 0 . 06944 0 . 076J8 0 . 076SO 0 . 07413 0 . 068S8 33 
Fi nance, insurance , and real estate 34 0 . 04140 O . OJ82S 0 . 09844 O . OJS68 0 . 03867 O . OJ872 0 . 03770 0 . 0 3S32 34 
Lodging and personal and repair services JS O . OJ02S 0 . 02748 0 . 06809 0 . 02997 0 . 032S9 0 . 03264 0 . 03174 0 . 02964 3S 
Businesses and miscellaneous services 36 0 .  01071 0 . 00987 0 . 07678 0 . 01032 0 . 01111 0 . 01113 0 . 01086 0 . 01023 J6 
Medical and nonpro f i t  37 0 . 00487 0 . 00 4 3 8  0 . 01 1 3 3  0 . 00480 O . OOS27 o . OOS28 o . oos12 0 . 0047S 37 
WIPP sur f ace construction, 1980 38 0. 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 38 
WIPP surface constr uction, 1981 J9 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 J9 
WIPP surface construction, 1982 40 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 40 
WIPP sur face constr uction, 198J 41 1 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 1  
WIPP surface construction, 1 984 42 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 42 
WIPP construction management and design 4 3  0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 4 3  
WIPP underground construction, 1980 44 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 44 
WIPP underground const r uc t i on ,  1981 4S 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 0 . 00000 4 S  
WIPP underground construction, 1 982 46 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 0 . 00000 46 
WIPP underground constr uction, 198J 47 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 0 . 00000 4 7  
WIPP underground construction, 1984 48 0. 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 1 . 00000 48 
WIPP general surface operations 49 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 49 
WIPP secur ity and remote handling so 0. 00000 0 . 00000 0 . 00000 0 . 00000 0. 00000 0 . 00000 0 . 00000 0. 00000 so 
WIPP underground operations Sl 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 0 . 00000 Sl 
Goverrment S2 0 . 04296 0 .  OJ849 0 . 08208 0 . 04221 0 . 04646 o . 046S3 0 . 04S08 0 . 04169 S2 
Households/PC wee kly SJ 0 . 04 3 S l  0 . 03817 0 . 00000 0 . 04873 O . OS4S2 O . OS462 O . OS26S 0 . 04802 SJ 
Households/PC local S4 o .  4 2339 0 .  37860 0 . 80638 0 . 41S73 0 . 4 S809 0 . 4S878 o .  444JS 0 . 4 1 0 S 3  S 4  

--- ---
Column sums 1. 8S702 1. 77799 2 . S4 1 36 1 . 85273 1.  928Jl l . 929S6 1 . 90380 l . 8434S 
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Table L-2 .  Input-Output Tables , Lea and Eddy Count ies , November 19 7 9 :  
Direc t ,  Ind ir ec t , and Induced Coefficients ( Continued) 

Industry Se l l ing 

Livestock and l i vestock products 
Cotton 
Gra ins and seeds 
Fr u i ts and vegetables 
For e s t r y  and f i shery products 
Aqr icultural services 
Misce llaneous meta ll i c  and nonmeta l l ic minerals 
Cr ude petroleum 
Natura l gas and l iquid petroleum 
Stone, g r ave l ,  and sand 
Potash m i n ing 
Residen t i a l  constr uc t i on 
Nonres i de n t i a l  constr uc t ion 
All other constr uc t i on 
Construction ma i ntenance 
Food products 
Fabr ics and appar el 
Wood and lumber products 
Pr int i ng 
Chemical products 
Plast i c s  and petroleum p roducts 
Glass and stone prodocts 
Pr imar y meta l products 
Fabr icated metal products 
Machinery 
Electr ical products 
Transpor tat ion and warehou s i ng 
Commun ications 
Electr ical u ti l i ty 
Gas ut l l i  ty 
Water and sewer 
Wholesale trade 
Reta 11 trade 
Fi nance, insurance, and real estate 
Lodg ing and personal and repair services 
Busi nesses and m i s ce l laneous services 
Med ica l and nonpro f i t  
WIPP s u r f a ce  constr uc t ion, 1980 
WIPP sur face construction, 1 9 8 1  
WIPP s u r f a ce  constr uc t i on ,  1 9 8 2  
WIPP sur face construction , 1983 
WIPP sur face constr uction, 1984 
WIPP construction management and design 
WI PP underground construction, 1980 
WIPP underground construction , 198 1 
WI PP underg round constr uc t i on ,  1 9 8 2  
WIPP underground construction, 1983 
WIPP underground const r uc t i on ,  1984 
WIPP gener a l  sur face operat ions 
WIPP secu r ity and remote handling 
WIPP underground operations 
Government 
Hou seholds/PC weekly 
Households/PC local 

Column sums 

s 
6 

8 
9 

10 
1 1  
12 
1 3  
1 4  
l S  
1 6  
1 7  
1 8  
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
JO 
Jl 
J2 
JJ 
J4 
JS 
J6 
J7 
J8 
J9 
40 
41 
42 
43 
44 
4 S  
4 6  
47 
48 
4 9  
so 
Sl 
52 
SJ 
S4 

49 

O . OO J 4 7  
0 . 00 1 6 1  
0 . 00204 
0 . 00070 
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L . 3 . 1  Wages 

F i r s t ,  the level of wages must be dete rmi ned . The average annual wages 
and lab or costs for each of the 37 pr ivate s ubsec tor s and the gove rnment sub
sec tor ( State , loca l ,  and Federa l )  are li sted in Table L- 3 .  

Average employee costs for all of the 38 s ubsec tor s in the input-outpu t 
model we re computed from in for mat ion obta ined from the New Mex ico Employment 
Secur ity Depar tment . S i nce complete 1 9 79 da ta were not ava ilable,  the 1978 
average wages for the area we re de r ived from the quarter ly repor t Covered 
Employment and Wages and the inc rease in wages from 1978 to 1979 was e st i 
mated for each sec tor . 

Exp ec ted fr inge benefits were then added to the wages for each sub sec tor . 
The fr inge bene f its we re compu ted in several ways . Informat ion on fr inge 
benefits wa s obta ined from several compan ies in  the constr uct ion , petr oleum , 
and min ing i ndu str ies.  For s ubsec tor s that a re not dominated by large com
pan ies , averages reflec t i ng mi nimum fr inge benefits at var ious salary levels 
were u s ed . Thu s ,  the labor cost per employee is the est ima ted annua l wages 
pa id in 1979 plus the expec ted fr inge-benefit percentag e .  Table L- 3 g ives the 
annual wage s ,  fr inge-b ene f it per centag e ,  and e st ima ted annual labor cost for 
the 3 8  economic sub sec tor s .  The annual wages for the government subsec tor 
were der ived f rom Bu reau of Economic Ana ly s is data . 

L . 3 . 2  Ca lcu lating Ind irec t Job Impac t 

Given below is a sample calculat ion that illustrate s  the procedure used to 
e st ima te the numher of new ind i rect j obs c r eated by the WI PP in the two-county 
area . 

The first  step is to dete rmine the annual flow of dollars thr ough the 
economy f rom an inc r ea se in ac tiv i ty in a spec i f ic economic s ubsec tor . The 
example used here is aboveg round construc tion and the year is 19 8 3 .  It is 
est ima ted that the new do llars b rought to the area by aboveg round constr uc t ion 
in 198 3 will be $ 53 . 11 3  mi llion .  Th is direc t construc t ion impac t i s  then 
mul t iplied by the coeffic i ents g iven in Table L-2 ( the inver ted input-outpu t 
table li s t i ng the d irec t ,  ind irec t ,  and induced effec ts )  for the ac tivity of 
inte re st ( column 41 : aboveg round constr uction--1 98 3 ) . 

The process for dete rmin ing the impac t on ind irec t ly affected economic 
subsec tor s is i llu strated in the following equations : 

I ij x AIMP 199 3 = $IMPi j  

( 0 . 0 1279 x $ 5 3 , 1 13 , 2 00 = $ 6 79 , 31 8 )  

where 

I ij = coe ff ic ient from Table L- 2 for row i and column entry j 1  
i = 1 ,  • • •  , 52 and j = 1 ,  • • •  , 5 2 .  Example u ses i = 28 
( conunun ications sub sec tor )  and j = 4 1 , ( aboveg round 
construc tion in 198 3 ) 1 I28 , 4 1  = 0 . 0 1 27 9 . 

AIMP 199 3 = aboveg round-construc tion impac t for 19 8 3  (e . g . , $ 5 3 , 1 1 3 , 2 0 0 ) . 
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Table L-3. Est imated Annual Wages and Labor Costs per 
Employee in Eddy and Lea Count ies, l9 7 9a 

Subsector 

1. Livestock and livestock 
products 

2. Cotton 
3. Gra i ns  and seeds 
4. Fru its and vegetables 
5. Forestry and f is hery 

products 
6. Agr icultural services 
7 .  Miscellaneous metals 

and other mi nerals 
8. Crude petroleum 
9 .  Natural gas and liqu id 

petroleum 
10. Stone, gravel, and sand 
11. Potash min ing 
12. Res idential construction 
13. Nonres idential constr uction 
14. All other construction 
15. Construct ion ma i ntenance 
16. Food products 
17. Fabr ics and apparel 
18. Wood and lumber products 
19. Pr i nting 
20. Chemical products 
21. Plast ics and petroleum 

products 
2 2. Glass and stone products 
23. Pr imary metal p r od ucts 
2 4. Fabr icated metal products 
25. Machi nery 
26. Electr ical products 
27. Transportation and 

warehousi ng 
28. Co111Dunications 
29. Electr ical util ity 
3 0 . Gas utility 
3 1. Water and sewer 
32. Wholesale trade 
33 . Reta il trade 
34. Finance, insurance, 

and real estate 
35. Lodg i ng and personal 

and repa ir serv ices 

Est imated 
19 79 

annual wagesb 

$ 9,320 

7, 5 8 5  
7, 585 
7, 5 8 5  
9 , 2 98 

9,298 
17, 3 21 

16, 567 
16, 567 

17,3 21 
17,321 
10 , 5 4 5  
12, 8 08 
11, 573 
11, 0 52 
10,181 

7, 818 
11, 097 

9, 9 89 
18, 618 
21, 227 

12, 6 6 6  
( e) 

12,3 23 
13,177 
10,399 
12, 8 50 

10 , 917 
18, 8 21 
18, 8 21 
10, 536 
13, 9 4 6  

7, 7 51 
11, 0 6 8  

6, 541 

L-1 9  

Est imated 
fr inge 

bene f itsC 
( % )  

10. 0 

10.0 
10. 0 
10.0 
16 . 0  

16. 0  
28. 0  

28.0 
28.0 

28.0 
28. 0  
20.0 
25. 0  
25.0 
15.0 
16.0 
17. 0 
16.0 
16. 0 
15.0 
15. 0  

16.0 
( e )  

16.0 
16.0 
16.0 
16. 0 

16.0 
15.0 
15.0 
16.0 
16.0 
17. 0 
16.0 

17.0 

Est imated 
annual labo r 

costs per 
employee, 1979 d 

$10, 2 5 2  

8,3 43 
8,343 
8,343 

10, 7 8 6  

10, 7 8 6  
2 2,171 

21, 2 0 6  
21, 2 0 6  

22,171 
2 2,171 
12, 6 5 4 
16, 010 
14, 4 6 6  
12, 710 
11, 810 

9,147 
12, 8 73 
11, 5 8 7  
21, 411 
24, 411 

14, 693 
( e )  

14, 2 9 5  
15, 2 8 5  
12, 0 63 
14, 9 0 6  

12, 6 6 4  
21, 6 4 4  
21, 6 4 4  
12, 222 
16 ,177 

9, 0 6 9  
12, 83 9 

7, 6 53 



36 . 

37 . 

52 .  

Table L- 3 .  Est imated Annua l Wages and Labor Costs per Employee 
Employee in Eddy and Lea Count ies , 1979 a ( cont inued) 

Est imated Est imated 
Est imated fr inge annual labor 

1979 benefitsC costs per 
Sub sec tor annual wagesb ( % )  employee ,  1979d 

Businesses and m iscellaneous 1 1 , 142 16 . 0  12 , 925  
ser vices 

Med ica l and nonprofit 9 , 049 16 . 0  10 , 497 

Government 12 , 9 44 16 . 0 15 , 015 

aThese wages and labor costs are for jobs suppor ted in ind irec tly 
affec ted subsector s .  Jobs created by (di rectly associated with) the 
construction and oper ation of the WIPP project have annual wages that ar e not 
i ncluded in the listed figures . 

boer ived from Covered Employment and Wages , Quar ter ly Repor t ,  New Mex ico 
Employment Secur ity, 1978 . Wages were est imated for 1979 by using an 
ad j ustment factor spec ific to major sector s .  

Coetermined from interviews with pr ivate compan ies and union s .  Minimum 
applicable per centage applies to most secondary and tertiary subsector s .  

dper employ�e costs are representative of the annual wage and not 
necessar ily of a 40-hour average wee k .  

eNo ac tiv ity in th is subsector in the two-county area . 

$ IMP · · = lJ  dollar ind i rec t impac t in sub sec tor i from an exogenous in
c r ea se in  s ubsec tor j :  that is , impac t on the cormn�n icat ions 
sub sec tor from an inc rease in aboveg round-construc tion ac tivity .  

F rom th is calculation i t  i s  apparent that the model e st ima tes that the 
inc rease in the cormnun icat ions sub sec tor dur ing 198 3 will be about $680 , 0 0 0 . 

The next s tep is to determi ne the amount of money in the cormnun icat ion s  
subsec tor that will b e  expended for labor ( i . e . , labor costs ) . The following 
equation i llu stra tes th i s :  

$ IMPij  x LC54 i = $LCj i  

( $ 6 79 , 318  x 0 . 3 9 097 = $ 2 65 , 593 ) 

where 

LC54 i = coe f f i c ien t for labor costs in sub sec tor i from Table L-1 :  i = 

1 ,  • • •  , 52 ( e . g . , LC54 , 2 8  = 0 . 3 9 0 9 7  represen ts the coeffic ient for 
labor cost in s ubsec tor i = 28 , cormnun ications) . 
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$LC · .  = J l  doll ars flowing to labor cost in subsec tor i from an inc rease in 
ac t iv ity in subsec tor j ( i . e . , total labor cost in commun ications 
( i  = 28 ) as an ind irec t result of an inc rease in aboveground 
constr uction (j = 41)  of $ 53 , 113 , 200 in 1983 ) . 

After determi n ing that j u st mor e than $ 26 5 , 00 0  will flow into labor costs 
dur i ng 1 983 through the commun ications subsec tor f rom i nc r eased aboveg round
construc tion ac tivity , the rema in ing step is to dete rmine how many j obs th is 
$ 2 65 , 0 00 w i ll s u�ort dur i ng 1 98 3 . Th is is accomp l ished by the follawi ng 
mathematical operat ion : 

$LCj i  + annual ULCi = i nd irect jobj i  

( $ 2 65 , 59 3  .... $ 1 2 , 664 = 21 . 0 )  

where 

Annual ULCi = annual average per-unit labor cost in sub sec tor i 
( e . g . , in sub sec tor i = 28 , communicat ions , annual ULC i 

= $ 12 , 664 ) . 

Ind irec t Jobj i  = number of jobs in sub sec tor i suppor ted by new ac tiv
ity i n  s ubsec tor j ( e . g . ,  i = 41 , aboveground con
struction , $ 53 , 113 , 20 0 , suppor ts 21 . 0  jobs in i = 28 , 
commun ications ) .  

Th is example shows that the re sulting impac t on jobs in th is subsector-
commun icati ons--will be 21 . 0  jobs for 1983 . Obviously the number of j obs 
suppor ted ind irec tly by the WI PP projec t  will vary from year to year . Tables 
L-4 th rough L- 10 l i st the i ndi rect e ffects of the WI PP for each year f rom 1980 
through 1986 and for an average operat ions yea r thereafte r . These tables list 
the e st imated dollar volume flow into the 38 i nd i r ectly a ff ec ted subsec tors of 
the two-county economy ( 37 pr ivate and 1 government) and the number of jobs 
i nd i rectly c r eated in each one of these subsec tor s .  

Tables L-11 and L-12 list the ind irect employment impac ts by major sec tor 
( i nclud i ng government) and g ive the employment mul t iplier for each year . 
Table L-13 g ives the tota l number of direc t ,  pr ivate ind irec t ,  and gover nment 
j obs su�or ted by the WI PP proj ect for the years 1980 through 1986 be fore the 
plant becomes fully operat iona l .  
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Table L- 4 .  I ndirect Impact of the WI PP Proj ect in 1980 : Dol lar Volume 
and Jobs S uppor ted by Subsector 

Surface operations Management and design Underg round oper ations 
Est imated Jobs Est imated Jobs Est imated Jobs 

Subsector volume a supported volumea suppor ted volume a suppor ted 

1 .  Livestock a nd  l ivestock 
products 0 . 2  o . o  2 . 0  o . o  11 . 2  o . o  

2 .  Cotton 0 . 1 o . o  0 . 9 o . o  5 . 3  o . o  
3 .  Gra ins an d  seeds 0 . 1  o . o  1 . 2  o . o  6 . 4  0 . 1  
4 .  Fr u i ts and vegetables o . o  o . o  0 . 4  0 . 0  2 . 2  o . o  
5 .  Forestry and fishery 

products o . o  o . o  0 . 4 o . o  2 . 5  o . o  
6 .  Agr icultural serv ices 0 . 1  o . o  0 . 3  o . o  2 . 4  0 . 1  
7 .  Miscell aneous metals . 

and other minerals o . o  o . o  o . o  o . o  o . o  o . o  
8 .  Cr ude petroleum 0 . 7  o . o  7 . 5  o . o  34 . 9  0 . 2  
9 .  Natura l gas and liquid 

ti petroleum 0 . 2  o . o  2 . 6  o . o 1 1 . 9  0 . 1  I 
"' 10 . S tone , g r ave l ,  and sand 1 . 3  o . o  0 . 1  o . o  17 . 5  0 . 3  "' 

1 1 .  Potash min ing o . o  o . o  o . o  o . o  0 . 1  o . o  
12 . Residential constructionb o . o  o . o  o . o  o . o  o . o  o . o  
1 3 .  Nonresidential construction o . o  o . o  o . o  o . o  o . o  o . o  
14 . All other construction o . o  o . o  o . o  o . o  o . o  o . o  
15 . Constr uction maintenance 0 . 5  o . o  7 . 9  0 . 3  24 . 3  0 . 9 
16 . Food products 0 . 9  o . o  8 . 6  0 . 1  49 . 3  0 . 6  
17 . Fabr ics and apparel o . o  o . o  0 . 2  o . o  1 . 3  o . o  
18 . Wood and lumber products o . o  o . o 0 . 2  o . o  0 . 8  o . o  
19 . Pr inting 0 . 2  o . o  2 . 1  o . o  9 . 6  0 . 2  
20 . Chemica l products 0 . 1  o . o  1 . 2  o . o  3 . 8  0 . 1  
2 1 .  Plastics a nd  petroleum 

products 1 . 5  o . o  15 . 7  0 . 1  7 3 . l  0 . 3  
2 2 .  Glass and stone products 0 . 1  o . o  0 . 1  o . o  1 . 4  o . o  
2 3 .  Pr imary metal products o . o  o . o  o . o  o . o  o . o  o . o  
2 4 .  Fabr icated metal products 0 . 2  o . o  o . o  o . o 3 . 3  0 . 1  
2 5 . Machinery 0 . 1  o . o  2 . 2  0 . 1  12 . 9  0 . 3  
26 . Electr ical products o . o  o . o  0 . 1  o . o  0 . 1  0 . 0  
27 . Transpor tation and 

warehousing 2 . 3  0 . 1  17 . 6  0 . 5  102 . 1  2 . 8  
28 . Commun ications 1 . 8  0 . 1 18 . 6  0 . 6  57 . 3  1 . 8  
29 . Electr ical util ity 1 . 4  o . o  1 2 . 9  0 . 1  123 . 9  0 . 8  
3 0 .  Gas u t i lity 0 . 9  o . o  1 1 . 5  0 . 1  5 1 . l  0 . 3  
31 . Water and sewer 0 . 3  o . o  3 . 3  o . o  14 . 2  0 . 2  
3 2 .  Wholesale trade 1 4 . 8  0 . 4  35 . 1  0 . 9 6 2 9 . 6  16 . 5 



) l\J w 

3 3 .  
34 . 

35 . 

36 . 

37 . 

Table L-4 . Ind irect Impact of the WIPP Project in 1980 : Dollar Volume 

and Jobs Suppor ted by Subsector ( continued) 

Sub sector 

Reta il trade 
Finance , insurance , 

and real estate 
Lodg ing and personal 

and repa ir services 
Busi nesses and miscellaneous 

services 
Medical and nonpro f it 

Total ind irect impact 

Sur face operations 
Est imated Jobs 

volumea supported 

8 . 3  0 . 4  

5 . 6  0 . 2  

3 . 8  0 . 2  

1 . 4  o . o  
0 . 6  o . o  

47 . 9  1 

Source: Larry Adcock and Assoc iates, 1979 . 

Note : Deta il may not equal total due to round ing . 

�housands of 1979 dollar s .  

Management and design 
Estimated Jobs 

volumea supported 

89 . 5  4 . 2  

59 . 8  1 .  7 

41 . 4  1 . 9  

46 . 7  1 . 5  
6 . 9  0 . 3  

396 . 8  13 

Underground operations 
Estimated Joos 

volumea supported 

444 . 1  20 . 8  

228 . 2  6 . 4  

19 1 . 6  8 . 7  

66 . 0  2 . 2  
--2!:1 _!.:2 
2213 . l  65 

bA port ion of the construction impact is assigned to the f inance , insurance , and real estate subsector 
because of the procedures followed in bu i ld ing the national model by the Bureau of Economic Analysi s ,  Department 
of Co111Rerce . The exac t impac ts of the construction-su�sector por t ions cycled through the f i r e ,  insurance , and 
real estate subsector are not ava i lable . 



Table L-5 .  Ind i rect Impact of the WIPP Projec t  in 1981 : Dollar Volume 
and Jobs Suppor ted by Subsector 

Sur face operations Management and desi2n Under2round operations 
Est imated .Jobs Estimated .Jobs Estimated .Jobs 

Subsector volumea supported volumea suppor ted volumea supported 

1 .  Livestock and l ivestock 
products 15 . 7  0 . 1  1 3 .  7 0 . 1  31 . 6  0 . 1  

2 .  Cotton 7 . 4  0 . 1  6 . 4  0 . 1  15 . 1  0 . 1  
3 .  Gra i ns an d  seeds 

. 
10 . 5  0 . 1  8 . 1  0 . 1  18 . 1  0 . 2  

4 .  Fruits and vegetables 3 . 0  o . o  2 . 8  o . o  6 . 4  0 . 1  
5 .  Forestry and f ishery 

products 3 . 4  0 . 1  3 . 1  0 . 1  7 . 1  0 . 1  
6 .  Agr icultu ral services 10 . 7  0 . 3  2 . 4  0 . 1  6 . 7  0 . 2  
7 .  M iscellaneous metal s 

and other minerals 0 . 0  0 . 0  o . o  o . o  0 . 1  0 . 0  
8 .  Cr ude petroleum 57 . 2  0 . 3  5 1 . 3  0 . 3  98 . 1  0 . 6  
9 .  Natural gas and l iquid 

petroleum 17 . 0  0 . 1  17 . 6  0 . 1  33 . 4  0 . 2  
t"' 10 . S tone, gravel , and sand 151 . 9  2 . 2  0 . 5  o . o  45 . 3  0 . 7  I 11 . Potash mi n i ng 0 . 2  0 . 0  0 . 1  o . o  0 . 2  o . o  "' 1 2 .  Residential constructionb 

o . o  0 . 0  o . o  o . o  o . o  o . o  "" 
1 3 .  Nonresidential construction o . o  0 . 0  o . o  o . o  o . o  o . o  

14 . All other constr uction o . o  o . o  0 . 0  0 . 0  o . o  o . o  

15 . Constr uction mai ntenance 40 . 6  1 . 6  54 . 2  2 . 1  67 . 7  2 . 6  
16 . Food products 68 . 4  0 . 8  58 . 9  0 . 7  139 . 7 1 .  7 
17 . Fabr ics and apparel 2 . 6  0 . 1  1 . 1  o . o  3 . 4  0 . 1  
1 8 .  Wood an d  lumber products 1 . 0  o . o  0 . 8  o . o  2 . 0  o . o  

1 9 .  P r i nting 14 . 0  0 . 3  14 . 2  0 . 3  27 . 2  0 . 6  
20 . Chemical products 6 . 9  0 . 1  8 . 6  0 . 2  10 . 7  0 . 2  
21.  Plastics and petroleum 

products 120 . 6  0 . 5  107 . 5  0 . 5  205 . 4  0 . 9  
2 2 .  Glass a nd  stone products 9 . 6  0 . 2  0 . 4  0 . 0  3 . 7  0 . 1  
23 . Pr imar y metal products o . o  0 . 0  0 . 0  0 . 0  o . o  o . o  

24 . Fabr icated metal products 27 . 5  0 . 6  0 . 1  0 . 0  8 . 5  0 . 2  
2 5 .  Mach inery 9 . 2  0 . 2  15 . 1  0 . 4  34 . 1  0 . 0  
26 . Electr i cal products 0 . 2  o . o  0 . 5  o . o  0 . 3  o . o  

2 7 .  Transpor tation and 
warehousi ng 211 . 5  5 . 8  121 . 0  3 . 3  279 . 5  7 . 6  

2 8 .  Communi cations 173 . 8  5 . 4  127 . 7  3 . 9  159 . 4  4 . 9  
2 9 .  Electr ical util i ty 116 . 8  0 . 0  88 . 8  0 . 6  334 . 5  2 . 2  
30 . Gas u t i l i ty 69 . 1  0 . 4  78 . 7  o .  5• 143. 7 0 . 9  
3 1 .  Water an d  sewer 21 . 8  0 . 2  22 . 7  0 . 3  40 . 1  0 . 5  
3 2 .  Wholesale trade 1561. 7 4 1 . 0  24 1 . 3  6 . 3  1659 . 2  4 3 . 6  
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Table L- 5 .  I nd i rect Impact of the WIPP Proj ect in 198 1 :  Dollar Volume 
and Jobs S uppor ted by Subsector ( continued) 

Subsector 

Reta il trade 

F i nance , i nsu rance , 

and real estate 
Lodging and personal 

and repa ir ser vices 
Bus i ne sses and miscellaneous 

services 
Medical and nonprofi t  

Total and i nd i rect impact 

Sur face opera tions 

Est ima ted Jobs 
volumea suppor ted 

6 1 1 . 4  28 . 7  

487 . 4  13 . 7 

304 . 2  13 . 8  

124 . 0  4 . 0  
4 4 . 0  2 . 2  

4 3 0 3 . 2  124 

Sou r ce :  Larry Adcock and Associa te s ,  1979 . 

Note : Detail may not equal total due to round ing. 

aThousands of 1979 dollars . 

Management and design 

E s t imated Jobs 
volumea suppor ted 

6 14 . 6  28 . 8  

410 . 8  1 1 .  6 

284 . 2 1 2 . 9  

320 . 5  10 . 5  
47 . 3  2 . 3  

2725 . 0  86 

Underground operations 

Estimated Jobs 
volumea supported 

1258 . 5  59 . 0  

637 . 1  17 . 9  

537 . 0  24 . 4  

18 3 . 1  6 . 0  
8 6 . 8  4 . 3  

608 3 . 4  181 

bA por t ion of the constr uc tion impact is ass igned to the f i nance , insurance , and real estate subsector 

because of the procedures followed in build ing the nat ional model by the Bureau of Economic Analysi s ,  Department 
of Conuner ce .  The exact impac ts of the construction-subsector port ions cycled through the f i r e ,  insurance , and 

real e state subsec tor are not ava ilabl e .  



Table L-6 . Ind i rec t  Impac t of the WIPP Proj ec t  i n  198 2 :  Do llar Volume 
and Jobs Suppor ted by S ubsector 

Sur face o�erations Management and design Underground operations 
Est imated Jobs Est imated Jobs Estimated Jobs 

Sub sec tor volume a suppor ted volume a supported volumea supported 

1 .  Livestock and livestock 
products 7 5 . 8  0 . 3  3 2 . 9  0 . 1  69 . 3  0 . 3  

2 .  Cotton 35 . 9  0 . 3  15 . 3  0 . 1  3 3 . 1  0 . 3  

3 .  Gra ins and seeds 47 . 3  0 . 4  19 . 3  0 . 2  39 . 6  0 . 3  

4 .  Fru i ts and vegetables 15 . 0  0 . 1  6 . 6  0 . 1  1 4 . 0  0 . 1  

5 .  Forestry and fi shery 
products 16 . 7  0 . 3  7 . 4  0 . 1  15 . 5  0 . 3  

6 .  Agr icultural services 35 . 0  1 . 1  5 . 7  0 . 2  1 4 . 7  0 . 5  

7 .  Misce llaneous metals 
and other minerals 0 . 1  o . o  0 . 1  o . o  0 . 1  o . o  

8 .  Crude petroleum 2 5 1 . 8  1 . 4  1 2 3 . 4  0 . 7  215 . 1  1 . 2  

9 .  Natura l gas and liquid 
t-< petroleum 78 . 0  0 . 4  42 . 3  0 . 2  7 3 . 3  0 . 4  I tv 10 . Stone , g r ave l ,  and sand 423 . 9  6 . 2  1 . 2  o . o  99 . 2  1 . 5  
Ol 11 . Potash mi ning 0 . 6  o . o  0 . 2  o . o  0 . 3  o . o  

12 . Res ident i al constructionb 0 . 0  o . o  0 . 0  0 . 0  0 . 0  o . o  

1 3 .  Nonre sidential construction o . o  o . o  o . o  o . o  0 . 0  o . o  

14 . All other construction o . o  0 . 0  o . o  o . o  o . o  o . o  

15 . Construction ma i ntenance 170 . 4  6 . 6 130 . 2  5 . 1  148 . 4  5 . 8  

16 . Food products 33 2 . 1  4 . 1  141 . 6  1 .  7 306 . 5  3 . 8  

17 . Fabr ics and apparel 9 . 2  0 . 3  2 . 6  0 . 1  7 . 5  0 . 2  

18 . Wood and lumber products 3 . 6  0 . 1  1 . 9  o . o  4 . 4  0 . 1  

19 . Pr inting 65 . 9  1 . 3  34 . 2  0 . 7  59 . 6  1 .  2 

20 . Chemical products 28 . 5  0 . 5  20 . 5  0 . 4  23 . 5  0 . 4  

2 1 .  Plast ics and petroleum 
products 529 . 9  2 . 3  258 . 3  1 . 1  4 50 . 7  1 . 9  

2 2 .  Glass a nd  stone products 27 . 2  0 . 6  1 . 0  o . o  8 . 2  0 . 2  

23 . Pr imary metal products o . o  o . o  o . o  o . o  o . o  o . o  

24 . Fabr icated metal products 76 . 8  1 .  7 0 . 2  o . o 18 . 6  0 . 4  

25 . Mach inery 34 . 9  0 . 8  36 . 3  0 . 9  7 4 . 8  1 . 8  

26 . Elec tr ical products 0 . 8  o . o  1 . 3  o . o  0 . 7  o . o  

27 . Transpor tat ion and 
warehousing 774 . 3  21 . l  290 . 8  7 . 9  6 12 . 9  16 . 7  

28 . commun ications 6 18 . 5  19 . 1  306 . 8  9 . 5  349 . 7  1 0 . 8  

29 . Electr ical utility 498 . 6  3 . 2  213 . 4  1 . 4  7 3 3 . 3  4 . 7  

30 . Gas u t i l i ty 329 . 9  2 . 1  189 . 2  1 . 2  3 15 . 3  2 . 0  

31 . Water and sewer 99 . 1  1 . 1  54 . 6  0 . 6  87 . 9  1 . 0  

3 2 .  Wholesale trade 4 7 70 . 6  1 25 . 3  579 . 7  1 5 . 2  3636 . 2  9 5 . 5  
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Table L-6 .  Ind irect Impac t of the WI PP Pro j ec t  in 198 2 :  Dollar Volume and Jobs 
S uppor ted by Subsec tor ( cont i nued ) 

3 3 .  
3 4 . 

3 5 .  
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37 . 

S ubsec tor 

Reta i l  tr ade 
Finance , ins urance , 

and rea l estate 
Lodg ing and per sonal 

and repa i r  ser v ices 
B u s i ne ss and m isce llaneous 

ser v ices 
Med ical and nonp ro f i t  

Tot a l  and i nd i r ec t  impact 

S u r face ope r a t ions 
E s t ima ted Jobs 

vo lume a supported 

2 , 99 1 . 3  1 4 0 . 2  

1 , 9 11 . 5  53 . 8  

1 , 3 3 4 . 5  60 . 6  

4 9 1 .  9 16 . 0  
2 0 8 . 9  1 0 . 2  

16 , 288 . 4  4 8 2  

Sou r ce :  L a r r y  Adcock and Assoc i a te s ,  1979 . 

Note : Deta i l  may not equa l tot a l  due to round ing . 

Management and de s i gn Under g round ope r a t ions 
Est imated Jobs Est imated Jobs 

volume a suppor ted volumea suppor ted 

1 4 7 6 . 6  69 . 2  2 ,  76 1 . 0  129 . 4  

9 8 7 . 1  27 . 8  1 , 397 . S  39 . 4  

6 8 2 . 8  31 . 0  1 , 178 . 0  5 3 . S  

769 . 9  2 5 . 1  40 1 . 6  13 . 1  

1 1 3 . 6  5 . 6  190 . 4  9 . 3  

6 5 4 7 . 1  206 13 , 34 0 . 9  396 

aThousands of 1979 do llar s .  
bA por t ion of the con s t r uc t ion impac t is a s s i gned to the f i nance , i n s urance , and real 

e s ta te s ubsec tor because of t he  procedures fol lowed in bu i ld i ng the nat ional mode l by the Bureau 
of Econom i c  Ana ly s i s , Department of Commer ce . The exact impac ts of the constr uct ion-s ubsector 
por t i ons cyc l ed  t h rough t he f i r e ,  i nsu r ance , and r ea l  e s t a te subsec tor are not ava i lable . 



Table L-7 . Ind irect Impac t of the WIPP Project in 198 3 :  Dollar Volume 
and Jobs Suppor ted by S ubsector 

Sur face o�erat ions Management and de sign Underground operat ions 
Est imated Jobs Est imated Jobs Est imated Jobs 

Sub sector volume a supported vol woe a suppor ted volume a supported 

1 .  Livestock and livestock 
products 94 . 5  0 . 4  57 . 2  0 . 2  2 3 . 4  0 . 1  

2.  Cotton 4 4 . 7  0 . 4  26 .6  0 . 2  11 . 2  0 . 1  
3 .  Gra ins an d  seeds 57 . 5  0 . 5  33 . 7  0 . 3  13 . 4  0 . 1  
4 .  Fr u i ts  and vegetables 18 . 9  0 . 2  1 1 . 5 0 . 1  4 . 7  0 . 0  
5 .  For estry and fishery 

products 21 . 0  0 . 4  12 . 8  0 . 2  5 . 2  0 . 1  
6 .  Agr icultural serv ices 36 . 9  1 . 2  10 . 0  0 . 3  5 . 0  0 . 2  
7 .  Miscellaneous metals 

and other minerals 0 . 2  o . o  0 . 1  o . o  0 . 0  o . o  

8 .  Crude petroleum 303 . 6  1 .  7 214 . 8  1 . 2  7 2 . 8  0 . 4  
9 .  Natural gas and liquid 

t1 petroleum 9 5 . 6  0 . 5  73 . 7  0 . 4  24 . 8  0 . 1  
I 10 • Stone, gravel ,  and sand 400 . 7  5 . 9  2 . 0  0 . 0  34 . 5  0 . 5  ...., CD 11 . Potash min i ng 0 . 6  o . o  0 . 4  o . o  0 . 1  o . o  

12 . Residential constructionb 0 . 0  0 . 0  0 . 0  0 . 0  o . o  o . o  

1 3 .  Nonresidential construction 0 . 0  0 . 0  o . o  0 . 0  o . o  o . o  

14 . All other construction o . o  o . o  o . o  0 . 0  o . o  o . o  

1 5 .  Constr uction ma i ntenance 201 . 6  7 . 8  226 . 6  8 . 8  50 . 4  2 . 0  
16 . Food products 414 . 3  5 . 1  246 . 5  3 . 0  103 . 5  1 . 3  
17 . Fabr ics and apparel 10 . 1  0 . 3  4 . 6 0 . 2  2 . 6  0 . 1  
18 . Wood and lumber products 3 . 9  0 . 1  3 . 4  0 . 1  1 .  5 o . o  

19 . Pr i nting 8 1 . 5  1 .  7 59 . 5  1 . 2  20 . 1  0 . 4  
20 . Chemica l  products 33 . 5  0 . 6  3 5 . 8  0 . 6  8 . 0  0 . 1  
2 1 .  Plastics a nd  petroleum 

produc ts 638 . 4  2 . 7  449 . 8  1 . 9  15 2 . 5  0 . 6  
2 2 .  Glass a nd  stone products 26 . 1  0 . 6  1 . 8  o . o  2 . 8  0 . 1  
23 . Pr imary metal products 0 . 0  0 . 0  o . o  o . o  0 . 0  0 . 0  
24 . Fabr icated metal products 7 2 . 6  1 . 6  0 . 4 0 . 0  6 . 5  0 . 1  
2 5 .  Machinery 39 . 6  1 . 0  6 3 . 1 1 . 5  25 . 8  0 . 6  
26 . Electr ical products 0 . 9  0 . 0  2 . 2  0 . 1  0 . 2  o . o  

27 . Transpor ta tion and 
warehousing 86 2 . 7  23 . 5  506 . 4  1 3 . 8  209 . 2  5 . 7  

28 . CoDD11un i cations 679 . 6  2 1 . 0  534 . 3  16 . 5  118 . 7 3 . 7  
29 . Electr ical utility 594 . 0  3 . 8  37 1 . 6  2 . 4  25 1 . 4  1 . 6  
30 . Gas u t i lity 409 . 2  2 . 6  329 . 4  2 . 1  106 . 7  0 . 7  
3 1 .  Water and sewer 120 . 7  1 . 4  95 . 1  1 . 1  29 . 7  0 . 3  
3 2 .  Wholesale trade 4 , 802 . 9  126 . 2  1 , 009 . 4  26 . 5  1256 . 8  33 . 0  
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Table L-7 .  Ind irec t Impac t of the__!i!_�_!l-�roj�_c_t i?l_!-_9�} : Dollar Volume 
and Jobs Suppor ted by Subsector ( conti nued) 

Subsector 

Reta il trade 
Finance , insurance , 

and real estate 
Lodging and personal 

and repa ir ser v ices 
Busi nesses and m iscellaneous 

services 
Med ical and nonpro f i t  

Total an d  ind irect impac t 

Surface operat ions 
Est imated Jobs 

volume a supported 

3 , 740 . 6  175 . 3  

2 , 198 . 7  6 1 . 9  

1 , 606 . 5  73 . 0  

568 . 6  18 . 5 
2 58 . 6  12 . 7  

18 , 438 . 5  553 

Source :  Larry Adcock and Assoc iate s ,  1979 . 

Note : Deta il may not equal total due to round ing . 

aThousands of 1979 dollar s .  

Management and design 
Est imated Jobs 

volume a supported 

2 , 57 1 . 2  120 . 5 

1 , 718 . 7 48 . 4  

1 , 188 . 8  54 . 0  

1 , 340 . 6  43 . 7  
197 . 7  9 . 7  

11 , 399 . 9  359 

Underground operat ions 
Estimated Jobs 

volumea supported 

931 . 9  43 . 7  

47 3 . 9  13 . 3  

399 . 0  18 . 1  

136 . 5  4 . 5  
64 . 3  3 . 2  

4547 . 2  135  

bA port ion of the construction impact is assigned to the f inance , insurance , and real esta te subsector 
because of the procedures followed in bu ilding the national model by the Bureau of Economic Analysi s ,  Depart
ment of Commerce .  The exact impacts of the constr uction-subsector port ions cycled through the f i re ,  insur
ance , and real esta te subsector are not ava ilable. 



Table L- 8 .  Ind irect Impact of the WIPP Project in 198 4 :  Dollar Volume 
and Jobs Supported by S ubsector 

Sur face operations Mana2ement and desi2n Underground operations 
Est imated Jobs Estimated Jobs Est imated Jobs 

Sub sector volume a supported volumea supported volumea supported 

1 .  Livestock and livestock 
products 13 . 9  0 . 1  40 . 5  0 . 2  1 . 6  o . o  

2 .  Cotton 6 . 6  0 . 1  18 . 8  0 . 2  0 . 8  0 . 0  
3 .  Grains and seeds 8 . 5  0 . 1  23 . 8  0 . 2  0 . 9  o . o  
4 .  Fruits and vegetables 2 . 8  0 . 0  8 . 2  0 . 1  0 . 3  o . o  
5 .  Forestry and fishery 

products 3 . 1  0 . 1  9 . 1  0 . 2  0 . 4  o . o  
6 .  Agr icultural services 5 . 8  0 . 2  7 . 1  0 . 2  0 . 4  o . o  
7 .  Miscellaneous metals 

and other minerals o . o  o . o 0 . 1  0 . 0  0 . 0  o . o  
8 .  Cr ude petroleum 45 . 1  0 . 3  151 . 8  0 . 9 5 . 1  o . o  
9 .  Natural gas and liquid ) petroleum 14 . 1  0 . 1  52 . l 0 . 3  1 . 8  0 . 0  

w 10 . Stone , grave l ,  and sand 65 . 5  1 . 0  1 . 4  0 . 0  2 . 6  0 . 0  
0 11 . Potash mining 0 . 1  o . o  0 . 3  o . o  o . o  o . o  

12 . Residential constructionb o . o  o . o  o . o  o . o  o . o  o . o  
13 . Nonresidential constr uction o . o  o . o  o . o  o . o  0 . 0  o . o  
14 . All other construction o . o 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 5 .  Constr uction maintenance 30 . 1  1 . 2  160 . 2  6 . 2  3 . 6  0 . 1  
16 . Food products 60 . 8  0 . 7  174 . 3  2 . 1  7 . 3  0 . 1  
17 . Fabr ics and apparel 1 . 5  0 . 1  3 . 3  0 . 1  0 . 2  0 . 0  
18 . Wood and lumber products 0 . 6  o . o  2 . 4  0 . 1  0 . 1  o . o  
19 . Pr inting 12 . 0  0 . 2  4 2 . 1  0 . 9  1 . 4  o . o  
20 . Chemical products 5 . 0  0 . 1  25 . 3  0 . 5  0 . 6  0 . 0  
21.  Plastics a nd  petroleum 

products 94 . 8  0 . 4  318 . 0  1 . 4  10 . 8  0 . 0  
2 2 .  Glass and stone products 4 . 2  0 . 1  1 . 2  o . o  0 . 2  o . o  
23 . Pr imary metal products o . o  o . o  o . o  o . o  o . o  0 . 0  
24 . Fabr icated metal products 11.9 0 . 3  0 . 2  0 . 0  0 . 5  o . o  
2 5 .  Machinery 6 . 0  0 . 1  44 . 6  1 . 1  1 . 9  o . o  
26 . Electr ical products 0 . 1  0 . 0  1 . 6  o . o  0 . 0  0 . 0  
27 . Transportation and 

warehousing 131 . 9  3 . 6  357 . 9  9 . 8  15 . 1  0 . 4  
28 . Commun i cations 104 . 5  3 . 2  377 . 7 11.  7 8 . 5  0 . 3  
29 . Electr ical utility 88 . 6  0 . 6  26 2 .  7 1 .  7 18 . 4  0 . 1  
30 . Gas utility 60 . 1  0 . 4  23 2 . 9  1 . 5  7 . 5  0 . 0  
31.  Water and sewer 17 . 9  0 . 2  67 . 2  0 . 8  2 . 1  0 . 0  
3 2 .  Wholesale trade 764 . 7  20 . 1  713 . 5  18 . 7  9 3 . 7  2 . 5  
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Table L-8 . Ind irect Impac t of the WIPP Project in 198 4 :  Do llar Volume 
and Jobs Suppor ted by S ubsec tor . ( continued) 

Surface operations Management and design Under9round oeerations 
Est imated Jobs Est imated Jobs Estimated Jobs 

Subsec tor volume a supported volume a suppor ted volume a supported 

Reta il trade 548 . 1  25 . 7  18 17 . 4  85 . 2  6 5 . 5  3 . 1  
Finance , insurance , 

and rea l  estate 332 . 2  9 . 4  1214 . 8  34 . 2  33 . 7  0 . 9  
Lodgi ng and personal 

and repair services 238 . 7  10 . 8  840 . 3  38 . 2  28 . 3  1 . 3  
Busi ne sses and miscellaneous 

ser vices 85 . 8  2 . 8  947 . 6  30 . 9  9 . 8  0 . 3  
Medical and nonprofit 38 . 0  ___!_:1 139 . 8  6 . 9  � 0 . 2  

Tota l  and ind irect impact 2803 . 0  84 8057 . 8  254 327 . 6  10 

Sou r ce :  Larry Adcock and Associate s ,  1979 . 

Note : Deta il may not equal total due to round ing . 

aThousands of 1979 dollar s .  
bA por t ion of the construction impact is assigned to the f inance , insurance , and real estate subsector 

because of the procedures followed in bu i lding the natiqnal mode l by the Bureau of Economic Analys i s ,  Depart
ment of Commerce . The exact impac ts of the construct ion-subsector por t ions cycled through the f i r e ,  insur
ance, and real estate subsec tor are not ava i lable . 



Table L-9 .  I nd irect Impac t of the WIPP Projec t  i n  1 9 8 5  and 198 6 : 
Dollar Volume and Jobs s uppor ted by S ubsec tor 

Management and de s i g n ,  1 9 8 5  Management a n d  de sign , 1 9 8 6  
Est imated Jobs Est imated Jobs 

Subsec tor volume3 suppor ted volume a suppor ted 

1 .  L ive s tock and l ivestock 
produc ts 49 . 2  0 . 2  68 . 7  0 . 3  

2 .  Cotton 22 . 9  0 . 2  3 1 . 9  0 . 3  

3 .  Gra ins an d  seeds 2 9 . 0  0 . 3  40 . 5  0 . 4  

4 .  Fr u i ts and vegeta b les 9 . 9  0 . 1  1 3 . 9  0 . 1  

5 .  For estry and f i s he r y  
produc ts 11 . 0  0 . 2  15 . 4  0 . 3  

6 .  Ag r icultural serv ices 8 . 6  0 . 3  1 2 . 0  0 . 4  

7 .  Misce llaneous met a l s  
a n d  other mi ner a l s  0 . 1  o . o  0 . 1  o . o  

8 .  Cr ude petro leum 184 . il  1 . 0  258 . 0  1 . 5  

9 .  Natura l gas and l i q u id 

t"' petroleum 6 3 . 4  0 . 4 88 . 5  0 . 5  
I 10 . S tone ,  g r ave l ,  a nd sand 1. 7 o . o  2 . 4  o . o  w 

1 1 .  Potash min ing 0 . 3  o . o  0 . 4  o . o  I'.> 
12 . Re s i den t i a l  cons t r uc t ion b o . o  0 . 0  o . o  o . o  

13 . Nonres iden t i a l  con s t r uc t i on o . o  o . o  o . o  o . o  

14 . A l l  other con s t r uc t ion o . o  0 . 0  0 . 0  o . o  

15 . Con s t r uc t i on ma i n tenance 19 4 . 9  7 . 6 27 2 .  2 10 . 6  
16 . Food produc ts 2 12 . l  2 . 6  296 . 1  3 . 6  
17 . Fabr ics and apparel 4 . 0  0 . 1  5 . 5  0 . 2  
18 . Wood and lumber produc ts 2 . 9  0 . 1  4 . 0  0 . 1  
19 . Pr i nt i ng 5 1 . 2  1 . 0  7 1 . 5  1 . 5  

20 . Chemica l products 30 . 8  o . o  4 3 . 0  0 . 0 
2 1 .  Plast ics and petro leum 

prod u c ts 386 . 9  1 . 6  5 4 0 . 3  2 . 3  
2 2 .  Glass and s tone produc ts 1 .  5 o . o  2 . 1  o . o  

23 . Pr imar y met a l  products o . o  o . o  o . o  o . o  

2 4 .  Fabr i cated me ta l p roduc ts 0 . 3  o . o  0 . 4  o . o  

2 5 . Mach inery 54 . 3 1 .  3 7 5 . 8  1 . 8  
26 . E l ec tr i ca l  p roduc ts 1 . 9  0 . 1  2 . 7  0 . 1  
27 . Transpor tat ion and 

warehou s i ng 4 3 5 . 6  11 . 9 608 . 2  16 . 6  
28 . Commun i c a t i ons 4 59 . 6  14 . 2  6 4 1 .  7 19 . 8  
29 . Elec tr ica l u t i l i ty 319 . 7  2 . 1  446 . 4  2 . 9  
30 . Gas u t i l i ty 28 3 . 4  1 . 8  3 9 5 . 7  2 . 6  
31 . Water and sewer 8 1 . 8 0 . 9  114 . 2  1 . 3  
3 2 .  Who lesale tr ade 868 . 2  2 2 . 8  1 , 2 12 . 3  3 1 . 8  
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3 3 .  
34 . 

3 5 . 

36 . 

37 . 

Table L-9 . Ind irect Impact of the WIPP Projec t in 1985  and 198 6 : Dollar 
Volume and Jobs Suppor ted by Subsec tor ( continued) 

Management and de s i g n ,  1985 Management and des i gn ,  1986 
Est imated Jobs Est ima ted Jobs 

S ubsector volume a suppor ted volume a supported 

Reta il trade 2 2 1 1 .  6 1 0 3 . 6  3 , 088 . 0  1 4 4 . 7  

F i nance , insurance , 
and rea l estate 1478 . 3  4 1 . 6  2 , 0 6 4 . 2  58 . 1  

Lodging and p e r sona l 
and repa i r  ser v ice s 10 2 2 . 6  4 6 . 4  1 , 4 27 . 8  6 4 . 9  

Bu s i nesses and 
miscell aneous se r v ices 1 1 5 3 . l  37 . 6  1 , 6 10 . 1  52 . 5  

Med ical and nonpro f i t  170 . 1  � 237 . 5  11 . 6  

Tota l  and ind i r e c t  impac t 9 8 0 5 . 6  309 1 3 , 69 1 .  7 4 3 7  

Sou r ce :  La r r y  Adcock and Assoc i a te s ,  1 9 7 9 . 

Note : Deta i l  may not equal tot a 1 due to round ing . 

aThousands of 1 9 7 9  doll a r s .  
bA por t i on o f  the con s t r uc t ion impact i s  a s s i g ned to the f i nance , i n s u r ance , and rea l esta te 

subsec tor because of t he p rocedu res fol:owed in bu i ld i ng the nat ional mode l by the Bu r ea u  of Eco
nomic Ana lysis , Depar tment of Conune r ce .  The exact impacts of the con s t r uct ion-subsector po r t ions 
cycled t h rough the f i r e ,  i ns u r ance , and r ea l  e s t a te subsector are not ava i lable . 
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Table L-10 . Ind irect Impact of the WIPP Project ,  Average Year 1987 and Thereafter : 
Dollar Volume and Jobs Supported by Subsector 

Subsector 

l ,  Livestock and livestock 
products 

2 .  Cotton 
3 .  Grains and seeds 
4 .  Fru i ts  and vegetables 
5 .  Forestry and fishery 

products 
6 .  Al)r icultural services 
7 .  Miscellaneous metals 

and other minerals 
8 .  Cr ude petroleum 
9 .  Natural gas and liquid 

petroleum 
10 . Stone , g r ave l ,  and sand 
1 1 .  Potash min ing 
12 . Residential constr uctionb 

1 3 .  Nonresidential constr uction 
14 . All other construction 
15 . Constr uction ma i ntenance 
16 . Food products 
17 . Fabr ics and apparel 
18 . Wood and lumber products 
19 . Pr i nting 
20 . Chemi cal products 

2 1 .  P lastics and petroleum 
products 

2 2 .  Glass and stone products 
2 3 .  Pr imary meta l products 
24 . Fabr icated metal products 
25 . Mach inery 

26 . Electr ical products 
27 . Transportation and 

warehousing 
28 . Commun ications 
29 . Electr ica l utility 
30 . Gas uti lity 
3 1 .  Water and sewer 
3 2 .  Wholesale trade 

Surface operations 
Est imated Jobs 

volume& supported 

47 . 3  
2 2 . 0  
27 . 8  

9 . 6  

10 . 6  

8 . 2  

0 . 1  
175 . 5  

60 . 1  

1 . 6  
0 . 3  
o . o  
o . o  
o . o  

18 1 .  7 
20 4 . 1  

3 . 8  
2 . 7  

48 . 7  
28 . 7 

367 . 5  
1 . 4  
o . o  
0 . 3  

50 . 1  
1 .  7 

4 10 . 7  
4 28 . 4  
30 4 . 4  

268 . 5  
77 . 4  

8 2 2 . 6  

0 . 2  
0 . 2  
0 . 2  

0 . 1  

0 . 2  

0 . 3  

o . o  
1 . 0  

0 . 3  
o . o  
o . o  
o . o  
0 . 0  
o . o  
7 . 1  

2 . 5  
0 . 1  
0 . 1  
1 . 0  
0 . 5  

1 . 6  
o . o  
o . o  
o . o  
1 . 2  

o . o  

11 . 2  
13 . 2  

2 . 0  

1 .  7 
0 . 9  

2 1 . 6  

Management and design 
Estimated Jobs 

volume& supported 

9 . 0  
4 . 0  
8 . 6  
1 .  7 

2 . 0  

1 . 6  

0 . 1  
65 . 3  

26 . 0  
0 . 6  
o . o  
o . o  
o . o  
o . o  

7 4 . 6  

3 6  . 4  
1 . 8  
0 . 5  
8 . 2  
3 . 9  

1 3 5 .  7 
0 . 4  
o . o  
o . o  
3 . 3  
0 . 1  

28 2 . 1  
60 . 4  
9 3 . 4  
54 . 2  
1 3 . 8  

176 . 1  

o . o  
o . o  
0 . 1  
o . o  

0 . 0  

0 . 1 

o . o  
0 . 4  

0 . 1  
o . o  
o . o 
o . o  
o . o  
o . o  
2 . 9  

0 . 4  
0 . 1  
o . o  
0 . 2  
0 . 1  

0 . 6  
0 . 0  
o . o  
o . o  
0 . 1  
o . o  

7 . 7  
1 . 9  
0 . 6  

0 . 4  
0 . 2  

4 . 6  

Underground operations 
Estimated Jobs 

volumea supported 

2 2 . 0  
10 . 4  
12 . 5  

4 . 5  

5 . 0  

3 . 7  

o . o  
69 . 4  

26 . 8  

0 . 6  
0 . 1  
o . o  
0 . 0  
0 . 0  

6 9 . 3  
96 . 3 

1 . 6  
4 . 5  

18 . 7  
7 . 0  

144 . 3  
0 . 5  
0 . 0  

0 . 1  
12 3 . 3  

0 . 3  

218 . 9  
115 . 1  
48 1 . 9  

114 . 1  
2 7 . 1  

3 16 . 8  

0 . 1  
0 . 1  
0 . 1  

o . o  

0 . 1  

0 . 1  

o . o  
0 . 4  

0 . 2  

0 . 0  
o . o  
o . o  
o . o  
o . o  
2 . 7  
1 . 2  

0 . 1  
0 . 1  
0 . 4  
0 . 1  

0 . 6 
o . o  
o . o  
o . o  
3 . 0  
o . o  

6 . 0 

3 . 6  
3 . 1  
0 . 7  
0 . 3  
8 . 3  
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Table L-10 . I nd irect Impact of the WIPP Project Aver age Year , 198 7  and Thereafter : 

3 3 .  
34 . 

3 5 .  

36 . 

37 . 

Dollar Volume and Jobs S uppor ted by Subsector ( continued) 

Sub sector 

Reta il trade 
Finance , insurance , 

and real estate 
Lodgi ng and personal 

and repair services 
Busine sses and misce llaneous 

serv ices 
Medical and nonprofit 

Total and ind i rect impac t 

Sur face operations 
Est ima ted Jobs 

volumea suppor ted 

2133 . 0  99 . 0  

1387 . 7 39 . 1  

968 . 3  44 . 0  

10 59 . 4 34 . 6  
161 . 5  7 . 9  

925 5 . 6  292 

Source :  Larry Adcock and Assoc iate s ,  1979 . 

Note : Deta il may not equa l total due to round ing . 

aThousands of 1979 dollar s .  

Management and design 
Est imated Jobs 

volumea supported 

36 3 . 3  17 . 0  

210 . 3  5 . 9  

19 3 . 9  8 . 8  

7 2 . 5  2 . 4  
24 . 2  � 

1927 . 8  56 

Underground operat ions 
Estimated Jobs 

volumea supported 

891 . 4  41. 8 

443 . 5  12 . 5  

342 . 2  15 . 5  

109 . 4  3 . 6  
� � 
3749 . 5  108 

bA por tion of the construction impact is ass igned to the finance , insurance , and real estate subsector 
because of the procedures followed in bu ilding the nat ional mode l by the Bureau of Economic Analys i s ,  Depart
ment of Commerce . The exac t impacts of the construct ion-subsector por t ions cycled through the fir e ,  insur
ance , and real estate subsector are not ava ilable . 
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Table L- 11.  I ndi r ec t  Impact of the WIPP P roj ect ,  1 980-198 3 :  Dollar Volwne 
and Jobs Suppor ted by Maj or Sector 

Total 1980 Total 198 1 Total 198 2 
Estimated Jobs 

Ma j or sector volumea suppor ted 

Agr iculture 35 . 9  
Mining 76 . 8  
Constr uc t i oob 32 . 7  
Manufactur ing 189 . 0  
Transpor tat i oo ,  conanun ica-

tioo , and utili t i es 4 1 9 . 2  
Trade 1221 . 3  
F i nance , i nsurance , and 

real estate 293 . 6  
Ser vices 389 . l  

Subtotal 
( pr ivate sector ) 2657 . 6  

Government 324 . 9  

Total 298 2 . 5 

Employment mul ti-

pl i er ( add i tive) 1 . 44 

Sou r ce :  Larry Adcock and Associates , 1978 . 

0 . 3  
0 . 6  
1 . 2  
2 . 0  

7 . 2  
4 3 . 3  

8 . 3  
16 . 3  

79 . 2  

9 . 8  

8 9 . 0  

1 . 54 

Note : Deta il may not equal total due to roundi ng .  

Estimated Jobs Estimated 

volumea suppor ted volumea 

17 1 . 8  1 . 8  4 9 9 . 2  
4 7 2 . 9  4 . 4  1 , 30 9 . 6  
162 . 5  6 . 3  44 9 . 0  
9 0 2 . 3  9 . 6  2 ,  56 1 . 3  

1 , 989 . 3  37 . 3  5 , 47 4 . 4  
5 , 9 46 . 7  207 . 4  16 , 2 15 . 4  

1 , 53 5 . 3  4 3 . 2  4 , 296 . 0  
....!.t9 3 1 . 0  8 0 . 3  5 , 3 7 1 . 5  

1 3 , 11 1 . 8  3 90 . 3  36 , 176 . 4  

1 , 4 7 9 . 7  4 4 . 6  4 ! 3 2 5 . 6  

14 , 59 1 . 5  4 3 4 . 9  40 , 502 . 0  

1 . 3 2  

ar n  thousands of 1979 dollars . 
• 

Jobs 
suppor ted 

5 . 2  
12 . 0  
17 . 5  
26 . 8  

102 . 6  
574 . 8  

121 . 0  
224 . 5  

1084 . 4  

130 . 5  

1214 . 9  

Total 1983 
Estimated Jobs 

volumea supported 

4 8 8 . 3  5 . 0  
1 , 223 . 9  10 . 9  

4 78 . 6  18 . 6  
2 , 5 11 . 3  2 5 . 7  

5 , 218 . 9  100 . 3  
14 , 3 12 . 8  525 . 2  

4 , 39 1 . 3  123 . 6  
5 , 760 . 7  237 . 3  

34 , 38 5 . 8  1 , 046 . 6  

4 £ 281 . 7  129 . l  

38 , 677 . 3  1 17 5 . 7  

1 . 24 

bA por tion of the constr uc ton impact is ass igned to the fi nance , i nsurance , and real estate sector because of the 
procedures followed in building the nati onal model by the Bureau of Economi c  Analys is , Depar tment of Commerce . The exact 

impac t of the construc tion- sector por t ion cycled through the finance , i nsurance , and real estate sector i s  not ava i lable . 
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Table L- 12 . Ind irect Impac t of the WIPP Proj ec t ,  1984-1987 and Ther eafter : 
Dollar Vo lume and Jobs S uppor ted by Maj or S ector 

Total 1984 
Est imated Jobs 

Major sec tor volumea supported 

Agr icultu re $ 152 . 3  1 . 5  
M i n i ng 340 . 0  2 . 6  
Construc t ion b 19 3 . 9  7 . 5  
Manufactur ing 8 32 . 9  8 . 3  
Transpor t a t ion , commun ica- 1 , 753 . 0  34 . 3  

tion, and ut i l i t ies 
Trade 4 , 002 . 8  15 5 . 2  
F i nance , i nsu rance , and 1 , 58 0 . 7  4 4 . 5  

real estate 
Serv ices 2 , 3 3 2 . 8  9 3 . 1  

Subtotal 1 1 , 188 . 4  3 47 . 1  
( p r ivate sector I 

Government 1 , 38 7 . 1  4 1 . 9  

Total 12, 575 . 5  389 . 0  

Employment mu lti-
p l i er (add i t ive) 1. 31 

Source : Lar r y  Adcock and Assoc ia te s ,  1979 . 

Note : Deta il may not equal tot a l  due to round ing . 

a rn thousands of 1979 dollar s .  

$ 

Tota l 1985 Total 1986 
Est imated Jobs Est imated Jobs 

volume a supported volume a supported 

130 . 7 1 . 2  $ 18 2 . 4  1 .  7 
250 . 3  1 .  4 349 . 5  2 . 0  
194 . 9  7 . 6  27 2 . 2  10 . 6  
7 45 . 8  7 . 4  1 , 04 1 . 4  10 . 4  

1 , 58 0 . 0  30 . 9  2 , 206 . 2  4 3 . 1  
3 , 079 . 8  126 . 5  4 , 300 . 4  176 . 6  
1 , 4 78 . 3  41 . 6  2 , 064 . 2  58 . 1  
2 , 34 5 . 8  92 . 4  3 , 2 7 5 . 4  129 . 0  

9 , 805 . 6  309 . 0  1 3 , 69 1 . 7  4 3 1 .  5 

1 , 23 2 . 7  37 . 2  1 , 72 1 . 2  5 1 . 9  

U , 038 . 3  346 . 2  15 , 4 1 2 . 9  483 . 4  

1 .  29 1 . 16 

Total 1987 and 
each year thereafter 

Estimated Jobs 
volumea supported 

$ 210 . 4  1 . 9  
426 . 5  2 . 5  
325 . 6  12 . 7  

1 , 295 . 5  14 . 0  
2 , 950 . 3  53 . 4  
4 , 68 3 . 4  192 . 4  
2 , 041 . 5  57 . 5  
2 , 999 . 7  121 . 4  

14 , 9 3 2 . 9  4 55 . 8  

1 , 9 31 . 8  58 . 3  
16 , 864 . 7  514 . 1  

1 . 17 

bA por t ion of the const r uc t i on impact is ass i gned to the f i nance , insurance , and real estate sector because of the procedures fol
lowed in bu i ld i ng the nat i onal mode l by the Bu reau of Econom ic Analys i s ,  Depar tment of Commerce . The exact impact of the const r uct ion
sector por t ion cycled through the f i nance , insurance , and real estate sector is not ava i lable . 



Table L-13 . Jobs Cr eated or Suppor ted by the Construction 
and the Operation of the WIPP Proj ec t ,  1980-1987 and Thereaf ter 

After 

Ac t iv i ty 1980 1981 1982 1983 1984 1985 1986 1987 1987 

Surface construct ion 

Direct jobs 1 68 415 551 79 
Private i nd i rect jobs 2 124 482 553 84 
Government Jobs 1 11 55 69 10 
Total jobs 3 203 952 1173 173 
Annual nev jobs 3 200 749 221 (1000 ) (173)  

Management and design 

Direct jobs 5 52 152 281 208 269 417 
Private ind irect joba 13 86 206 359 254 309 432 
Government Joba 1 10 25 43 31 37 52 
Total joba 19 148 38 3 684 493 615 901 
Annual nev jobs 19 129 235 301 ( 19 1 )  122 286 (901)  

Underground constr uction 

Direct jobs 56 162 355 119 9 
Pr ivate i nd i rect jobs 66 18 1 396 135 10 
Government Jobs 8 23 51  17  1 
Total jobs 130 366 802 271 20 
Annual nev jobs 130 236 436 (531)  ( 2 5 1 )  (20)  

Surface operations (general ) 

Direct jobs 0 ( a )  ( a )  ( a )  256 256 
Pr ivate i nd i rect jobs 0 (a)  Cal  ( a )  292 29 2 
Government Jobs 0 (a)  ( a )  ( a )  36 36 
Total jobs 0 (a)  Cal  (a)  584 584 
Annual nev jobs 0 (a)  (a)  (a)  584 

Operations : remote storage and secur i ty 

Direct jobs 0 (a)  Cal  (a)  44 44 
Pr ivate i nd i rect jobs 0 ( a )  ( a )  Cal  56 56 
Government Jobs 0 (a)  (al  Cal  6 6 
Total jobs 0 (al  (a) ( a )  106 106 
Annual nev jobs 0 ( a )  (a)  (a)  106 

Underground operations 

Direct jobs 0 (a)  ( a )  (a) 140 140 
Pr ivate i nd i rect jobs 0 ( a )  (a) ( a )  108 108 
Gover 1111ent Jobs 0 (a) ( a )  (a) 16 16 
Total jobs 0 ( a )  ( a )  ( a )  264 264 
Annual nev jobs 0 (al  (a) (a) 264 

Total all ac t ivities 

Direct jobs 62  282 922 951 296 269 417 440 440 
Pr ivate ind irect jobs 81  391  1084 1047 348 309 432 456 456 
Government Jobs 10 44 131 129 42 37 52 58 58 
Total jobs 152 717 2137 2128 686 615 901 954 954 
Annual nev jobs 152 565 4274 ( 9 )  ( 1442)  (71)  286  53 

Note : Detail may not equal total due to round ing. 

lllrhe years 1984-1986 are transition years , and some jobs l i s ted as management and design will continue 

into operation positions . 
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L . 4  POPULATION 

L . 4 . 1  Fac tor s Affecting Population 

Three cr it ical economic paramete r s  must be analyzed in order to dete rmine 
the overall imp ac t g ene rated by an exog enous i nc rease in a spec if ic ac t ivity 
with in a reg ion : employment increases , increases in the flow of dollar s ,  in
cluding per sonal i ncome , and population change s .  The order in wh ich the se 
spec ific categor ies ar e computed is impor tant to the methods demonstrated in 
th is append ix . 

Changes in employment and increases in dollar flows can be der ived direc tly 
f rom the resul ts of the input-output model . Population mig ration, however , is 
dependent on the increase in employment der ived from the input-output mode l .  
Wh ile the der ivation o f  employment depends on a ssumptions concerning cer tain 
coe ff i c ients and fac tor s drawn from prev ious stud ies , increases in population 
may be s ign ificant ly influenced by changes in ac tivity in other areas of the 
economy that cannot be pred icted with reasonable accuracy . Spec ific cond i
tions of uncer ta i nty i nvolve mining , wh ich s uppor ts much of the econom ic 
ac tivity in the two-county area . 

Recen t examples of fluc tuation in economic ac tivity that make it difficult 
to determi ne exact population-mig ration figures are evident.  Between 1960 and 
1970 both Eddy and Lea Counties los t population pr inc ipally because of de
c r eased levels of ac tiv ity in mining . Dur ing the 10-year per i od ,  the popu
lation of Eddy County dec reased by 19 % ,  and the population loss in Lea County 
was j u st more than 7 % .  Be fore th is decreasing trend wa s  r ecognized ,  i n  the 
mi ddle and ear ly 196 0 s ,  populat ion proj ec tions by the Bureau of Business and 
Economic Resear ch (BBER) , the offic ial Sta te population-proj-ecting ag ency , 
were re lat ively h igh , ind icat ing that profess ional demograph ic researchers 
felt that the area would continue to g row . Later population proj ect ions by 
the Federal Government and the BBER ind icated somewhat lowe r levels of popu
lation g rowth . S i nce 1970 , and particular ly since the ener gy cr i s i s ,  both 
count ies have ma inta ined h igh levels of growth . Growth in Eddy County i s  
cor related with the end of potash " dumping " on the U . S .  market by Canad ian 
f irms . In Lea County h igher levels of oil and gas explorat ion and continued 
p r oduction have i nc reased the population .  

Wh ile the cur r ent ou tlook--par ticularly dur ing the last 5 or 6 year s--has 
been one of h igh exp ec tations in terms of population g rowth in the near future , 
population growth is influenced by a number of outs ide fac tor s .  For example , 
h igh pr ices and l imi ted s upplies of petroleum have i nd i r ectly c rea ted g rowth 
in Lea County and in the City of Hobbs . Should these cond it ions chang e ,  the 
deg ree of growth in the area could al so change .  The potash i ndu stry of Eddy 
County ( the major basic industry) now supplies between 80% and 90%  of all pot
ash sold in U . S .  mar kets . Should the demand for potash decrease , the mining 
sec tor in Eddy County would be s ignif icantly aff ec ted.  

Per sona l i n terviews with i ndu str ial development executives for Hobbs and 
car lsbad ind icate that a dete rmi ned effor t is under way to d iver s ify the econ
omy of both counties in order to stabi lize the ir  economic ba ses . Because of 
the h igh level of ac tiv ity in the extractive industr ies , the ava ilability of 
labor for cer ta in occupations in Eddy and Lea Counties may require the 

L- 39 



in-migrat ion of a number of laborers  into the area.  However , recent develop
ments wh ile th is study was be ing cond uc ted i nd icate that there is a rea sonable 
labor supply for many of the needed occupat ions in the area.  

Employment-application r ecords f rom the NMESD were examined to de termine 
the ava ilability of labor for var iou s occupat ions . From th is examination the 
percentage of workers needed for occupations d i r ect ly connec ted with the con
struc tion and operat ion of the WI PP wa s dete rmi ned . Economic activ ity with in 
an area can change rather rapidly . As the level of economic act ivity change s ,  
ava ilable labor in cer ta in occupat ions also changes .  Migration to wor k on a 
large constr uc tion proj ect or to ope ra te a fac i lity like the WI PP depends on 
many fac tor s .  These include the recruitment procedure for employee s ,  the 
ava ilabi lity of labor within an area , the constr uc tion-company s ubcontracting 
practice s ,  and the ava ilability of commun ity fac ili t ie s .  

Many of the ma j or fac tors a ffecting in-mig ration can b e  r ecogn ized ,  but 
dea ling with them in a quant itative manner is d iff icult . Researcher s tend to 
rely on previous studies conduc ted to de termine the deg ree of mig ration and/or 
spec ific ana logou s case stud ies of construction proj ec ts .  Poss ibly one of the 
be st studies in r ecent year s is the Constr uction Wor ker Profile,  comple ted for 
the Old West Reg ional Commiss ion (OWRC) in ear ly 1976 . A large number of the 
mig ration f ac tors conta ined in th is append ix have been drawn from that doc
ument .  However ,  there is very little information that can be used in est i
mating the number of people who will move into the area to fill j obs in s ec
ondar y  and te rtiar y  sec tor s  ( i . e . , spinoff jobs from the construc tion and 
ope ration of the WI PP) . These fac ts should be r ecogn i z ed wh ile read ing th is 
append ix . 

L . 4 . 2  Population Impac t Ca lculations 

The impac t on populat ion of WI PP construction and operat ion wa s calculated 
f rom the results of the employment por tion of the model . The calculations for 
each year are too extensive to g ive here . However , sample calculations and 
formulas are g iven below to illu strate the procedu re used in de termin ing the 
annual population impac t .  For illustrat ive purposes only , the year 198 1 ,  the 
s econd year of constr uct ion , and the year 1 987 , the f i r st full year of ope ra
tion ,  have been used in the sample calculations . 

The ca lculation of population impact cons ists of three maj or steps . The 
first step calculate s the number of people who are expec ted to move into the 

�rea because of WI PP constr uction .  The formulas are as follows : 

AGC190 1 x MigCONA = AGCJM190 1 

( 68 x 0 . 539 = 37 ) 

BGC190 1 x MigCONs = BGCJM190 1 

( 162 x 0 . 606 = 98 ) 
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MDE190 1 x MigCO� = MDEJM190 1 

( 52 x 0 . 4 98 = 26 ) 

AGCJM190 1 + BGCJM190 1 = CJM190 1 

( 37 + 98 = 135 ) 

( 26 = 26 ) 

CJM190 1 x HCWF = MCWH190 1 

( 139  x 0 . 985  = 133 ) 

1'CWH190 1 x CWHSZ = MCP190 1 

( 133 x 2 . 28 = 303 ) 

MOWH190 1 x OWHSZ 19 0 1 = MOP190 1 

( 26 x 2 . 75 = 7 2 )  

( 303 + 7 2  = 375)  

where 

BGC198 1 

MigCONa 

MigCO� 

= the tota l number of WI PP-assoc iated aboveground-constr uc tion 
jobs in 1 98 1 .  

= the tota l number of WI PP-assoc iated belowground-constr uc tion 
j obs in 1 98 1 .  

= the tota l number of WI PP-a ssoc iated management and design jobs 
in 198 1 .  

= the propor tion of tota l aboveg round-construc tion jobs expected 
to be f i lled by newcomers to the area . The fac tor 0 . 539  was 
der ived from Construction Wor ker Profile f igure s for the Four 
Corner s Reg ion in 1975 (Ar izona , Colorado, New Mexico, and 
Utah ) . 

= the propor tion of tota l belowground-construc tion jobs expec ted 
to be f i lled by newcomers to the area . The fac tor 0 . 6 06 was 
determined by match ing needed occupat ions and skill levels to 
p resent ava i labil ity ( fi r st quar ter of 1977 and thi rd quar ter 
of 1978 and 1979 ) of labor . 

= the propor tion of tota l nonconstruc tion jobs expected to be 
f i lled by newcomers to the area . The factor 0 . 498 is the 
we ighted average of the final operational mig ration fac tor s .  
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JM19a 1 = the to ta l number of jobs expec ted to be fi lled by newcomer s  to 
the area ;  AGCJM = aboveg round-constr uction JM; BGCJM = 

belowground-construc tion JM ;  MDE = management-and-design JM ;  
C JM  = constr uc tion JM. 

HCWF = the fac tor that accounts for mor e  than one construct ion worker 
per hou seho ld ( 0 . 985 ) . 

MCWH190 1 = the number of newcomer constr uc tion-worker hou seholds ex
p ec ted in the area i n  198 1 .  

MOWH190 1 = the number o f  newcomer managemen t-and-design worker hou se
holds in 198 1 .  

CWHSZ = the averag e size  of newcomer construc tion-wor ker hou seholds 
( 2 . 28 --Constr uc t ion Worker Profile) . 

OWHSZ190 1 = the average s i z e  of newcomer nonconstruc tion-worker house
ho lds in 1981 ( see pages L- 54 and L- 55 ) . 

MCP19 0 1 = the expec ted number of ind ividuals in-migrat ing d irec tly for 
WI PP-constr uc tion jobs in 198 1 .  

MOP190 1 = the expec ted number of ind ividuals in-mig rat ing direc tly for 
management-and-des ign jobs at the WI PP in 198 1 .  

MDP190 1 = the expec ted number of ind ividuals in-mi grat ing di rec tly for 
jobs at the WI PP in 198 1 . 

The sou rces of data are extreme ly impor tant in computing the population 
in-mig rating to take - new jobs in the constr uct ion and ope ration of the WI PP .  
The average number of employee s by year for construc tion or opera tion was 
der ived f rom data s upplied by the Bech tel Corporat ion (Oc tober 23 , 1979)  and 
the Westinghouse Elec tr ic Cor por ation (November 197 8 ) . The propor tion of new 
jobs expec ted to be f i lled by newcomers to the area is der ived f rom the Con
struc tion Wor ker Profi l e .  That OWRC study involved 1 4  large construction 
p roj ec ts ( s ix p roj ec ts in the Four Corners Reg ion) and showed that the per
centage of local wor kers var ied from a h igh of more than 7 9 %  to a low of 3 . 3 % 
for a ll p roj ec ts and a h igh of 79 % to a low of 32% for the s ix p roj ec ts in the 
Sou thwe st (Ar izona , Colorado , New Mexico , and Utah ) . The average percentag e 
of local wor k ers employed on the sou thwestern p roj ec ts was 46 . 1% ,  i nd icating 
that 5 3 . 9 % of the construc tion wor kers we re not res idents of the area before 
the constr uction ac tiv ity (Four Corners Reg ion on ly ) . A review of j ob appli
cations in the compute r  fi les of the NMESD suppor ts th is distr ibution . Thu s ,  
a�rox imate ly 5 4 %  o f  the constr uction workers for these s ix proj ec ts had mi
g rated to the area for construction wor k .  This percen tage has been used to 
compu te the number of aboveg round jobs that would be fi lled by i nd ivi duals not 
in the area before the construc tion began. 

As constr uction workers move into the area to f i ll these pos itions , they 
br ing with them other members of the ir household s .  Cer ta in of these member s-
the older ch ildren and spou se--may take up jobs in the area of the constr uc
tion site . The OWRC study ind icates that abou t 1 . 5 % of the new hou seholds 
contain two constr uc tion work er s .  Th is means that 985 hou seholds w i ll supply 
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1000 construc tion wor kers to the proj ec t ,  on the average . Thus ,  the number of 
needed households has been dec reased by 1 .  5' to account for the two
construc tion-wor ker households.  Th is fac tor of 0 . 98 5  is identif ied in the 
formula above as HCWF . The final formula above yields the total number of 
ind ividuals in-migra ting to ta ke new construc tion jobs.  Th is number is com
pu ted by taking the aver age household s ize and mult iplying it by the needed 
nulli>er of hou seholds to fill construc tion pos it ions . In th is case the average 
household size of 2 . 28 is the ave rage hou sehold size de termined f rom the CMRC 
study of all 14 construc tion projec ts in the West and Southwes t .  (For the 
explanation of the nonconstr uc tion employment in-mig ration , see the section 
below on operat ion-assoc iated in-mig ration . )  

Af ter the population in-mig ration due d i rectly to constr uction ha s  been 
calculated , the change due to operation must be computed .  Th is is dete rmi ned 
in the same way and is g iven by the fo llowing formula s :  

(Note : The example year is 1987 becau se the full opera tional impact does not 
occur before 1 9 87 . )  

OAG1997 x MigOPPAG = OAGJM1997 

( 2 56 x 0 . 498 = 127 ) 

OBG1997 x MigOPPaG = OBGJM1997 

( 140 x 0 . 4 98 = 7 0 )  

OST199 7 x MigOPPoST = OSTJM1997 

( 44 x 0 • A 98 = 22 ) 

OAGJM1997 + OBGJM1997 + OCNJM1997 = OJM199 7 

( 127 + 7 0  + 22 = 219 ) 

( 219 = 219 ) 

MOWH1997 x AVHSZ 1997 = MOP1997 

( 219 x 2 .  7 1  = 594 6 00 )  

where 

OST1997 

= the tota l number of WIPP-assoc iated aboveg round-opera tion jobs 
in 1987 . 

= the tota l number of WIPP-assoc iated belowground-operation jobs 
in 1987 . 

= the total number of WI PP-assoc iated disposa l-opera tion jobs in 
1987 . 
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MigOPPAG = the propor t ion of tota l aboveg round-operat ion jobs expec ted 
to be f illed by newcomers to the area . The fac tor 0 . 4 98 was 
determined from occupation and sk ill-level data supplied by 
Sand ia National Laborator ies , a review of ava ilable occupa
tions and sk ills in the two-county area , and information 
supplied by the We stinghouse Elec tr ic Corporat ion .  

MigOPPBG = the propor t ion o f  tota l belowground-operat ion jobs to be 
fi lled by newcomers to the area . The fac tor 0 . 498  is the same 
fac tor that was used in the general proj ec tions for above
g round ope ration . 

MigOPPoST = the propor tion of tota l d isposal-operation jobs to be filled 
by newcomers to the area . The fac tor 0 . 4 98 is the same as the 
fac tor used for other operation jobs . 

JM1997 = the number of tota l operationa l jobs expec ted to be filled by 
newcomers to the area : OAGJM = aboveg round-operati on JM ,  OBGJM 
= belowg round-operat ion JM, OSTJM = remote handli ng and 
secur ity JM ,  OJM = total . 

MOWH1997 = the number of newcomer operational-wor ker hou seholds in 19 8 7 . 

AVHsz 199 7 = the average s i z e  of household for the in-migrating opera
tional worker s .  

MOP1997 = the populat ion in-migra ting d irec tly to take operat ional jobs 
at the WI PP . 

Aga in,  sources of information for the formulas above are extremely 
impor tant . The d i rect ope rational employment is determined from information 
supplied by West i nghou se . The propor t ion of operat ional jobs to be filled by 
newcomer s  to the area is de termi ned to be 0 . 4 98 . L i teratu re sear ches i nd icate 
no d irec tly applicable research proj ec ts that wou ld g ive the average number of 
operational jobs f i lled by newcomer s  to the area .  In order to determine th i s  
fac tor , NMESD job-appli cation record s ,  currently ava ilable occupat ional sk ill 
levels , and the occupations and sk ill levels needed for the ope rat ion phase 
were rev iewed . In add it ion , informat ion on the ac tivit ies of operating con
trac tors was ob ta i ned f rom the We stinghouse El ec tr ic Corporati on .  

Data on the average sizes o f  newcomer hou seholds we r e  drawn d irec tly from 
Bu reau of the Census publications on p roj ec ted household sizes and family 
s i z es .  The figures used with in the calculations represent Ser ies I population 
f igu res and Ser ies D hou sehold size s .  These a re the h igh- range household 
s i z es of the 12 proj ec tions li sted by the Bureau of the Census in Current 
Populat ion Repor ts , Ser ies P- 25 , No. 8 0 5 , May 19 79 . 

The last quantity needed to determine the overall population impac t is the 
number of people taking jobs g enerated i nd i rectly by the constr uction and 
operation of the WIPP . These population changes are computed much l i k e  the 
p r eced ing ca lculations , with one ma j or exception .  · Cons tr uction workers and 
operationa l wor ker s who have moved into the area br ing with them other house
hold members . Some of these household members take up employment in other 
areas of the economy . These people must be accounted for in determining the 

L- 44 



overall in-mig ration of people to the area.  Thus ,  the following formulas 
d i ffer somewhat f rom the p r eceding ca lculat ion s :  

IDE190 1 x MigID = IDJM190 1 

( 4 35 x 0 . 50 = 218) 

IDJM190 1 - ADCE190 1 - ADOE190 1 = Net IDJM190 1 

( 218 - 26 - 8 = 184)  

Net IDJM190 1 x HWF = MIDWH190 1 

( 184 x 0 . 7 69 = 141) 

MIDWH190 1 x AVHSZ190 1 = MIDP190 1 

( 141 x 2 . 75 = 3 88 )  

where 

IDE198 1 

M ig ID 

IDJM198 1 

= the number of new ind irect jobs ( pr ivate and gover nment) 
s uppor ted by the constr uction or ope rat ion of the WI PP 
( example year is 1 9 8 1 ) . 

= the propor tion of i nd i rect jobs to be f illed by newcomer s  
to the area ( 0 . 50 ) . 

= the number of ind irect jobs in 1981 to be fi lled by 
newcomers to the area . 

ADCE190 1 = the expec ted number of ind irect jobs in 198 1  f i lled by 
members of households moving into the area to take new 
construction jobs ( 0 . 19 5  x MCWH) .  

ADOE190 1 = the number of ind irect jobs f i lled by member s of households 
movi ng into the area in 1981  to take new management-and
design jobs ( 0 . 3 0  x MOWH) . 

Net IDJM190 1 = the net number of jobs i n  198 1  to be filled by newcomer s  
movi ng into the area to take jobs created i nd i r ectly by the 
construction or operation of the WIPP . 

HWF = the f ac tor that accounts for more than one wor ker per 
hou sehold in in-migrating hou seholds ( 0 . 76 9 ) . 

MIDWH199 1 = the number of newcomer households attrac ted to the area in 
1981 pr imar ily by jobs i nd i r ect ly c reated by the 
construction or operat ion of the WIPP . 

AVHSZ 190 1 = the average hou sehold size  in 1981  of per sons mov ing into 
the area for jobs i nd i r ect ly created by the constr uction or 
operat ion of the WIPP . 
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MIDP198 1 = the population mov ing into the area in 198 1 for jobs 
i nd i rectly c reated by the constr uction or ope ration o f  
the WIPP . 

From the above formula s ,  it is  apparent that several new character istics 
have ente red the calculations of population impac ts .  The quantity IDE is 
determined from calculat ions expla ined in the employment sec tion of th is 
aR=>end ix . It is a d i rect result of the input-output mode ling proce ss .  The 
quantity Mig ID is a sub j ec tive number based on an evaluation of the area in 
terms of labor ava ilab i lity and the sk i ll levels needed for i nd i rect new 
jobs. In th is case , the fac tor is 0 . 5 ,  wh ich ind icate s that half of the new 
jobs c r eated in i nd i r ectly a ffected sec tors will be filled by newcomers to the 
area. 

As wor kers move into the area to wor k in construc tion or operation , they 
br ing with them hou seholds that contain members who al so become part of the 
labor force and are ava ilable to fill newly created pos it ions in the area 
under imp ac t .  The quant ity ADCE accounts for these additional workers b rought 
by construction-wor ker households.  The OWRC Construc tion Wor ker Profile 
i nd ica tes that between 19 and 29  add itional workers for each 100 newcomer 
construc tion-wor ker hou seholds will tak e  jobs in ind irec tly a ff ec ted sec tor s .  
I n  th is study, a f ac tor o f  0 . 195 wa s  used to determine the number o f  addi
tional wor kers in each hou sehold in-migrating d irec tly for construc tion wor k .  

The term ADCE accounts for the number of new workers b rought by households 
in-migrating d irec tly for operation jobs . The Constr uc tion Wor ker Profile 
i nd icates that th is number is substantially larger than the fac to� for the 
construc tion-wor ker hou seholds . Between 30 and 31 add it ional wor kers will be 
b rought in for each 100 households moving in to take d i r ec t  ope ration job s .  
A fac tor o f  30% was used i n  th is append ix to account for those add it ional 
workers . It is al so apparent that the households moving in to wor k in s ec tor s 
ind irec tly affected by constr uc tion and operation may conta in more than one 
work er per household . Aga i n ,  th is number is aR=> rox ima te ly 30 to 31  add itional 
wor kers for 10 0 new households.  Thu s ,  for 100 households , just abou t 130  
wor k er s  would be  ava ilable f or pos itions in i nd i rectly affected sector s .  I n  
order to account for these multiple-wor k er hou sehold s ,  a factor o f  1/1 . 3  • 

0 . 7 69 was used to decrea se the number of needed households moving into the 
area . 

Fina lly , the ac tual size  of the households moving into the area wa s calcu
lated f rom Bu reau of the Census data on proj ec ted hou sehold and family s izes 
( spec if ically Population Ser ies I and Hou sehold Ser ies C) . 

The fi nal step in determining the population impact of WI PP con str uction 
and operation is to add the three quantit ies that determine population chang e :  
the change caused d i rectly by constr uction , the change caused d i r ect ly by 
operation , and the change cau sed ind irectly by construc tion and operation . 

Because the economy may be somewhat slow to react to new jobs , population 
changes are assumed to lag in the ind irec tly a ff ec ted sec tor s .  In order to 
account for th is lag in the mode l ,  it is a ssumed that on ly half the expected 
in-migration will occur within the first year of impac t .  The remaining ind i-



viduals are ass umed to in-mig rate dur ing the next year . Th is assumption 
allows for a 6-month to 1-year lag in the spi noff eff ec ts of constr uction and 
operation . 

It  should be noted that the assumption allowing for a 6-month to 1-year 
lag in fi lling i nd i r ect jobs w ith newcomers does not necessar ily affect the 
time at which the impac t on the economy is calculated to occur . The impact on 
the economy is incu r r ed  when local pur chases or payments to d i rect labor are 
made 1 there fore , the suppor t for the jobs to be filled by the newcomers occurs 
before the jobs are actua lly filled . Th is means , for example ,  that per sons 
who rece ive income from the construc tion of the WIPP do not wait to spend 
their income unt il population-serving businesses increase the ir employment .  
For the economic entities that are ind irectly affected by WIPP construction 
and ope ration ,  there w i ll be a per iod of t ime in wh ich new economic activ ity 
c reates suppor t for new jobs , but those jobs have not yet been filled . Th is 
means that the produc tiv ity of employees will have to increase above the aver
age until employer s recognize the need for new employees and h ire them . There
fore , there is no d isc repancy between calculating the impact of the WI PP and 
a ssumi ng that the economy doe s not instantaneously react in terms of new em
ployees in sec tors that are i nd i r ectly a ffec ted . 

The tota l in-mig rating population for a g iven year is dete rmined by add ing 
the population attrac ted by constr uction ,  the population attracted by opera
tion , and the population attracted by new ac tivity in ind irectly affected 
economic sectors . The formula that is used is as follows : 

K:P19a 1 + MOP19a 1 + 0 . 5  MIDP19a 1 + o . s MIDP190 1-1 • MP199 1 

( 303 + 72  + 194 + 39  = 6 08 � 6 00 )  
where 

K:P1g9 1 = populat ion in-migrating d i rectly for construction jobs . 

MOP1g9 1 = populat ion in-migrating direc tly for management-and-des ign 
( or ope rational)  jobs . 

M IDP199 1 = populat ion in-migrating for jobs suppor ted ind i rectly by 
constr uction and ope ration .  

MP199 1 = tota l in-migrating population for 198 1 ( • 608 � 600 ) . 

MIDP1ga 1-1 = population in-migrating for jobs suppor ted ind irec tly by 
constr uction and management and desig n  ( or ope rational) jobs 
in 198 0 .  

A fina l  word of cau tion is needed . The sample calculations for 198 1 above 
are for impacts dur ing the second year of constr uction .  The annual number of 
people moving into the area in following years  is not necessar ily the same . 
Calculations must also be made f or each succeeding year . 
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As the constr uc tion phase of the WIPP end s and the full operat ional phase 
begins ( 1 987 ) , the job situation will  change dra stically . From the end of 
1984 through 1986  a trans it ional per iod between construction and operation 
w i ll cause sign ificant changes in the population . These population changes-
tha t is , negative changes ,  or ou tflows--are computed like the preced ing 
example . However ,  other stud i es , such as the Constr uc t ion Wor ker Profile , 
ind icate that ind ividuals do not leave immed iate ly .  This lag has been taken 
i n to account in determining the impac ts occu rr ing dur ing the transitional 
phase of the proj ec t .  The final results of all of the calculations appea r  in 
Table L- 14 .  

The population- impac t pred ictions have been made for two different 
populati on-d istr ibution scenar ios .  The f i r st scenar io a ssumes tha t 99% of the 
direct impac t and 90%  of the ind irec t impac t will go to Eddy County , with only 
1% of the d i r ec t  impac t and 10 % of the i nd i r ect impact going to Lea County . 
The second scenar io ass umes that 42% of the comb ined impac t will occur in Lea 
County and 58 % of  the combi ned impac t will  occur in Eddy County . 

The two d if ferent scenar ios resulted from interviews with six large 
potash-mining operations in the area.  Car l sbad is the center of potash-min ing 
ac tiv ity , and more than 95% of the present pota sh mi ner s  live in Eddy County . 
However ,  one company r ecr u i ts ma inly in the Hobbs area , and as a re sult 42% of 
its employee s live in Lea County . 

The construc tion and operat ion of the WIPP will be s imi la r to a com
bination of constr uct ion, min ing , and war ehou sing ope rations and hence s imilar 
to the pota sh-mi n ing ac tivities in the area . Thus , the first scenar io assumes 
that the ma j or impact will be felt in Eddy County , i nc lud ing about 88 % in 
Ca r lsbad . I t  wa s assumed tha t the contr actors would rec r u it employees from 
the Car l sb ad area f or WI PP constr uc t ion and ope ration. 

Subsequent discuss ions sugge sted the pos s ib il i ty that the construc tion and 
ope ration contrac tor s might r ecruit f rom the Hobbs area , w ith the maj or impac t 
be ing felt in Lea County and the City of Hobbs . To account for th is poss ibil
ity ,  a second scenar io wa s developed , as out l i ned above . 

It should also be noted that popu lat ion pred ictions for the cities listed 
i nclude on ly the population within the incorpora ted limi ts and do not i nc lude 
the fr inge areas . In Hobbs and Car lsbad , these fr inge areas conta in from 3 0 0 0  
to 5 0 0 0  add i tiona l people . 
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Table L- 14 . Base line Populat ion Est imate s and Proj ec tions (withou t WIPF Projec t) 

Car l sbad Loving Hobbs 
Eddy Schoo l School Lea School 

Year County Car lsbad D i str ic t Loving D i str ict County Hobbs D i str ict 

1970  4 1 , 1 19  21 , 29 7  25 , 9 6 1  1 , 19 2  1 , 3 50 4 9 , 5 5 4  26 , 0 25 29 , 8 58 
1975 4 2 , 9 00 N/A N/A N/A N/A 51 , 600  N/A N/A 
1976 45 , 30 0  25 , 5 0 0  29 , 3 0 0  N/A N/A 53 , 10 0  29 , 6 0 0  33 , 40 0  
1 9 77 46 , 200 26 , 6 00 30 , 4 00 1 , 488 1 ,  6 50 55 , 100 30 , 550 34 , 500 
1978 47 , 3 0 0  27 , 90 0  31 , 60 0  1 , 5 50 1 , 7 00 56 , 30 0  3 1 , 6 50 35 , 6 5 0  
1 9 79 43 , 200 28 , 6 00 3 2 , 400  1 , 6 00 1 , 7 5 0  57 , 500 32 , 6 0 0  36 , 6 50 
198 0 49 , 3 0 0  29 , 50 0  33 , 3 0 0  1 , 6 5 0  1 , 8 0 0  58 , 7 00 3 3 , 4 50 37 , 5 50 

) 1 98 1  50 , 200 30 , 200 34 , 100 1 , 6 50 1 , 8 00 60 , 000 34 , 4 00 38 , 550 
� 198 2 51 , 60 0  31 , 3 0 0  3 5 , 3 0 0  1 , 7 0 0  1 , 8 50 6 1 , 2 0 0  35 , 2 5 0  39 , 4 50 \0 

1 983 5 2 ,  0 00 3 1 , 6 00 35 , 7 00 1 , 7 0 0  1 , 8 50 6 2 , 500 36 , 200 40 , 450  
198 4 52 , 90 0  32 , 3 0 0  36 , 4 0 0  1 , 7 5 0  1 , 90 0  6 3 , 8 0 0  37 , 15 0  4 1 , 4 5 0  
1 985  5 3  , 8 00 3 2 , 8 00 37 , 0 00 1 , 8 00 1 , 9 50 65 , 200 38 , 150 4 2 , 50 0  
1 9 8 6  55 , 10 0  33 , 60 0  37 , 9 0 0  1 , 8 0 0  1 , 9 50 66 , 50 0  38 , 90 0  4 3 , 3 5 0  
1 9 87 56 , 4 00 34 , 400  38 , 8 00 1 , 8 50 2 , 0 0 0  67 , 7 0 0  39 , 6 0 0  44 , 150 
198 8 57 , 80 0  35 , 30 0  39 , 8 0 0  1 , 90 0  2 , 0 50 68 , 8 0 0  4 0 , 2 50 4 4 , 8 50 
1 989 59 , 200 36 , 100 40 , 7 0 0  1 , 9 50 2 , 100 69 , 9 00 40 , 9 00 45 , 6 0 0  
199 0 6 0 , 60 0  3 7  , 00 0  4 1 , 70 0  2 , 00 0  2 , 15 0  7 0 , 90 0  4 1 , 50 0  46 , 2 5 0  
1 9 9 5  6 4 , 3 00 3 9  , 200 4 4  , 200 2 , 100 2 , 250 75 , 100 43 , 9 50 49 , 00 0  
20 0 0  68 , 3 0 0  4 1 , 70 0  47 , 00 0  2 , 250  2 , 4 50 79 , 0 0 0  46 , 2 0 0  5 1 , 50 0  

Source :  1970 da ta  f rom 1970  Census of Populati on .  All other data co llected for th is report by 
Lar r y  Adcoc k  and Assoc iate s ,  197 9 . 

N/A = Not ava i lable.  



L . 5  PERSONAL INCOME 

L . 5 . 1  General 

The change in tota l annual per sonal income in the two-county area is de
termined f rom the d i rect wages pa id dur ing the constr uct ion and ope ration of 
the WIPP , allowing for a cer ta in amount of fr inge bene fits . The ind i rect 
total per sonal i ncome generated is compu ted by determining what propor tion of 
labor costs will en te r the tota l  per sonal-income stream from the tota l  number 
of do llars a llocated to labor costs . 

In add ition to wages , d ividend s ,  inte re st , and rents account for a por tion 
of the total per sonal i ncome . That por tion has been e st ima ted f rom unpub
lished reg ional data for the two-county area provided by the Bureau of Eco
nomic Analy s is to the Bu reau of Bu s i ne ss and Economic Resear ch at the Un iver 
sity of New Mexico (Tables L-15 and L-16 ) .  

F rom Tables L-15 and L-16 it is apparent that the total labor and propr ie
tor s '  income in 1977 ( the late st year ava ilable)  amounted to some $ 526 . 3  mil
lion in the two-county a rea . Inte re st , d ividend s ,  and rents accounted for 
$7 2 . 3  mi llion (13 . 7 %)  in add it ional income . Fur ther calculat ions ind icate a 
var iation of approx imate ly 4 %  f rom th is figu r e ,  depend ing on wh i ch year of the 
last few years is exami ned . The ac tual figure used for th is study was 14 % .  

The other ma j or f ac tor considered in calculating the total annual per sonal 
income is transfer paymen ts . As shown by the data from the Bureau of Economic 
Analy s is ,  the flow of transfer payments to the a rea is posi tive . However ,  
du r ing the construction of the WI PP , the impac t of transfer payments on the 
total-per sonal- i ncome stream is assumed to be negat ive because more Soc ial 
Secur ity payments �il l  flow out than flow in from these jobs created and sup
por ted by the constr uction phase.  Dur ing the ope rational phase,  however ,  the 
impac t of transfer payments on the tota l-personal- income stream may be e ither 
negative or pos it ive . In the ear ly years of ope ration it should be pos itive ; 
however ,  as ind ividuals re tire from jobs or pos it ions created by the operat ion 
of the WI PP ,  the transfer payments will retu r n .  There for e ,  it is a ssumed that 
transfer payments are neutr a l  dur ing the operat ion of the WI PP . 

L . 5 . 2  Explanation and Values 

Table L-17 sUJl'll\ar izes some of the information presented in th is sec tion .  
Deta ils appear in the text below.  

Dur ing the construction per iod (mid-198 0 through mid-198 4 )  and for the 
per iod be f ore full ope ration (mid-1984 through 1986 ) , it is expec ted that a 
tota l of j ust over $93  mi llion will flow direc tly into wages and sala r ies from 
the constr uction of the plant and a s soc iated management-and-de s ign employ
men t .  In add it ion , there will be almost $46 mi ll ion in wages and salar ies in 
bu sine sses i � i rectly affec ted by constr uction .  

Per sonal income from inte rest , d iv idend s ,  and rent is expec ted to total an 
e st imated $ 20 mi llion dur ing the 6 . 5-year per i od .  A total of about $140 . 5  
million is expec ted to be der ived both d irec tly and ind irectly in the pr ivate 
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Table L-15 . Personal Income in Eddy County by Major source ,  1972-1977 

(thousands of dollars) 

I tea 1972a 1973a 1974a 

TOTAL IABOR l\ND PROPRIETORS ' INCC»tE BY PLACE OF WORKc 

By type 
Wage and salary d isbur sements 
other labor inoane 
Propr ietor s '  inc<lllled 

Farm 
Nonfarmd 

By indlstry 
Fara 
Non far• 

Pr ivate 
Aqr icultural service s ,  forestry, f ish-

inq, and other• 
Mininq 
Construction 
Manufactur ing 

Nondurable goods 
Du rable goods 

Transpor tat ion and pub lic uti lit ies 
Wholesale trade 
Reta il trade 
Finance, ins•Jrance, and real esta te 
Services 

Government and goverruaent enterpr ises 
Federa l ,  civilian 
Federal ,  mil itary 
State and local 

8 5 , 032 
6 , 294 

16 , 270 
5 , 258 

1 1 , 0 12 

6 , 975 
100 ,621  

86 , 225 

426 
33 , 166 

5 , 744 
5 , 844 
4 ,459 
1 , 385 
7 , 355 
3 , 522 

12 ,370 
3 , 295 

14 , 503 
14 , 396 

2 , 447 
478 

11 ,471 

91, 736 
7 , 229 

19 ,194 
9 , 482 
9, 712 

1 1 , 392 
106 , 769 

9 1 , 476 

425 
32 , 344 

6, 771 
6 , 655 
5 , 041 
1 , 6 14 
8 , 860 
4 , 0 12 

13 , 2 27 
3 , 397 

15 , 785 
15 , 293 

2 , 583 
526 

12 , 184 

103 ,  723 
8 , 999 

21 , 864 
7 , 227 

14 , 6 37 

9 , 041 
125 , 545 
109 , 280 

486 
4 1 , 966 

7 ,631  
8 , 430 
6 , 547 
1 , 883 
9 , 812 
4 , 9 59 

15 , 300 
3 , 6 16 

17 ,080 
16 , 265 

2 , 794 
531 

12 , 940 

DERIVATI<fi OF PERSONAL INCOME BY PLACE OF RES IDENCE 

Total labor and prop r ietor s '  i ncome by place of 
wor k 

Lessa pereonal contr ibutions for social in
surance by place of wor k 

Net labor and propr ietor s '  income by place of 
wor k 

Plu s :  residence adju stment 
Net labor and propr ietor s '  income by place of 

residence 
Pluss d ividend s ,  interest , and rentsf 
Pluss transfer payments 

Personal income by place of residence 
Per capi ta  personal i ncome (do llars) 
Tota l population ( thousands) 

107 , 596 

5 , 08 5  

102 , 511 
201 

102 ,  712 
20 , 098 
18 , 529 

14 1 , 339 
3 , 442 

41 . 1  

118 ,161 

6 , 10 2  

112 , 059 
218 

112 , 277 
22 , 278 
21 , 646 

156 , 20 1  
3 ,  781 

4 1 . 3  

134 , 586 

7 , 194 

127 ,392 
425 

127 ,817 
26 ,687 
25 , 2 36 

179 , 740 
4 , 332 

41.5  

Sou r ce 1  Regional Economics Information System , Bu reau of Economic Analys is. 

aEBtillates baaed on 1967 SIC. 
bzstimates baaed on 1972 SIC . 

1975b 

132 , 147 
12 , 082 
18 , 8 27 

5 , 701 
13 , 1 26 

7 , 732 
155 , 324 
136 , 552 

553 
50 , 3 15 
13 ,926 
1 1 ,  765 

9 , 705 
2 , 060 

11 ,336 
7 , 656 

16 ,666 
4 , 274 

20 ,061 
18 , 772 

3 , 162 
540 

15 ,070 

163 ,056 

8 , 948 

154 , 108 
-62 

154 ,046 
31, 728 

, 29 , 529 
215 , 303 

5 ,018 
4 2 . 9  

1976b 

148 ,472 
14 , 360 
2 3 , 839 

6 , 883 
16 , 956 

9 , 103 
177 , 568 
155 , 724 

524 
57 , 698 
15 , 736 
14 , 964 
11 , 425 

3 , 539 
13 ,607 

7 , 136 
18 ,613 

5 , 316 
22 , 1 30 
21 , 944 

3 , 803 
579 

17 ,462 

186 ,671  

10 ,027 

176 ,644 
-208 

176 ,436 
34 ,838 
33 , 919 

245 , 19 3  
5 , 4 15 

4 5 . 3  

ceonsists o f  wage and salary d isbursements ,  other labor income , and propr ietor s '  income . 
Pr imary source for pr iva te nonfar111 wages: ES-202 cove red wages ,  New Mex ico Employment Secur ity C0111111ission. 

d1ncludes the cap ital consulll(>tion adjustment for nonfarm proprietor s .  
•inc ludes wage and salar ies o f  U . S .  residents wor k ing for internat ional organ izations. 
f rnclndes the cap ita l consumption adjustment for rental income of per sons. 

1977b 

168 , 934 
17 , 385 
26 , 4 27 

6 , 752 
19 ,675 

9 , 121 
203 , 625 
179 , 886 

587 
68 , 140 
17 , 159 
16 , 879 
13 ,012  

3 , 867 
16 ,054 

8 , 330 
2 1 , 368 

6 , 156 
25 , 213 
23 , 739 

4 , 009 
59 2 

19 , 138 

212 , 746 

11 , 338 

20 1 , 408 
-19 2 

20 1 , 216 
39 ,023 
36 , 536 

276 , 775 
6 , 089 

4 5 . 5  
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Table L-16 . Per sonal Income in Lea County by Ma jor Source , 1972-197 7  

< thou sands o f  dollar s )  

Item 1972a 1973a 1974a 

TOTAL LABOR .AND PROPRIETORS' INCOME BY PLACE OF WORKc 

By type 
Wage and salary disbursements 121 , 107 133 , 089 16 3 , 925 
Other labor i ncome 10 . 982 1 2 , 343 16 . 397 
Proprietor s '  i ncomed 21 , 399 24 , 521 37 , 549 

Farm 7 , 99 3  1 3 ,  766 13 ' 746 
Non farmd 13 ,406  10 , 755 23 , 803 

By i ndu stry 
Farm 9 , 579 15 ,673 15 , 689 
Noofarm 143 , 909 154 , 280 202 , 182 

Private 127 , 968 137 , 470 184 , 385 
Agr icultural services, forestry, f ish-

ing , and othere 635 694 (D) 

Mining 4 2 , 573 46 , 162 74 , 419 
Construc tion 8 , 287 8 , 498 13 , 0 5 1  
Manufactur ing 7 , 545 8 , 284 10 , 0 2 1  

Nondurable goods 5 , 1 7 2  6 , 127 7 ,  775 
Du rable goods 2 , 373 2 , 1 57 2 , 246 

Transpor tation and public u t i l i t ies 22 . 591 23 , 9 52 27 , 343 
Wholesale trade 9 , 162 9 , 972 12 , 329 
Reta il trade 15 , 846 16 ,810 18 ,842 
Finance, insurance, and real estate 4 , 838 5 , 296 (D) 

Serv ices 16 , 49 1  1 7  , 802 22 , 090 
Government and government enterpr ises 15 ,941  16  , 8 10 17 . 797 

Federa l ,  civilian 1 , 294 1 , 4 28 1 , 575 
Federa l ,  military 494 534 537 
State and local 14 , 1 5 3  1 4  , 848 15 , 685 

DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE 

Total labor and proprietor s '  i ncome by place of wor k 15 3 , 488 
Less: personal contr i bu t i ons for social insu rance by 

Place of wor k 7 ,050 
Net labor and propr ietor s '  i ncome by place o f  wor k 146 . 438 

Plus: residence adjustment 807 
Net laboc and prop r i e tors ' i ncome by place of residence 147 , 24 5  

dividends ,  interest , and rentf 18 , 50 5  Plus: 
Plu s :  transfer payments 15 , 440 

Personal income by place of res i dence 181 , 190 
Per-capita personal i ncome (dollars) 3 , 643 
Tota l populat ion (thousands) 4 9 .  7 

169 ,953  217 , 87 1  

8 , 651 11 , 376 
161 , 302 206 , 495 

-114 - 1 , 689 
16 1 , 188 204 , 806 

19 , 678 23 , 907 
18 , 0 55 20 . 878 

198 ,921  249 , 59 1  
4 , 028 5 , 0 14 

49 . 4  4 9 . 8  

Source1 Regional Economics Information System, Bureau of F.conomic Analysis. 

aEstimates baaed on 1967 SIC. 
bEsimates baaed on 1972 SIC. 

1975b 1976b 

190 , 942 207 , 111 
20 , 6 50 23 . 585 
3 1 , 2 4 1  4 2  , 4 17 
1 2 , 8 18 12 . 430 
18 , 4 2 3  29 , 987 

14 , 991 14 , 805 
227 , 842 258 . 308 
207 , 16 5  234 , 4 57 

(D) 692 
79 , 026 93 , 9 76 
14 , 4 17 14 , 724 
1 2 , 609 13 , 070 

9 , 562 11 , 329 
3 , 047 2, 741 

32 , 506 36 , 330 
15 . 502 17 , 642 
21 , 100 2 3 , 5 4 1  

(D) 8 , 173 
24 ' 7 28 25 , 309 
20 , 6 77 23 , 85 1  

1 , 827 2 , 04 3  
564 599 

18 , 286 21 ,209 

242 ,833 27 3 , 113  

12 , 8 50 14 , 2 26 
229 . 983 258 , 887 

-986 -924 
228 , 997 257 , 963 

28 , 132 29 , 909 
25 , 018 28 . 468 

282 , 147 316 , 3 40 
5 , 464 5 , 9 54 

5 1 . 6  5 3 . 1  

1977b 

236 , 5 70 
28 ' 379 
48 , 604 
13 ' 779 
34 ,8 25 

16 , 3 12 
297 , 241 
2 7 1 , 08 1  

804 
112 , 6 4 5  

16 , 6 4 5  
16 . 539 
13 , 2 29 

3 , 3 10 
39 ,662  
20 . 483 
26 ,650 

9 , 8 1 2  
27 ,841  
26 , 160 

2 , 258 
643  

23 ,259 

313 , 553 

16 , 146 
297 , 407 

-896 
296 , 5 1 1  

3 3 , 269 
30 , 6 7 4  

360 , 4 54 
6 ,8 1 1  

52 . 9  

ceonsists o f  wage and sa lary d isbursements, other labor income, and propr ietor s '  income. primary source for pr ivate 
Nonfar11 vages1 BS-202 Covered Wages, Nev Mexico Employment Secur ity Comission. 

d1ncludes the capital consumption adj ustment for nonfarm propr ietor s. 
elncludes wage and salaries of U. S .  residents wor k ing for international organizations. Includes the capital 

consumption adjustment foe rental income of persons. 
fNot shown to avoid disclosure of confidential infomation, data are included in tota ls.  



Table L-17 . Per sonal Income From The WIPP 
(Mi llions of 1979 Dollar s )  

Construc tiona Total before Operat ion 
I ncome type 1980 1 98 1  1982 1 98 3  1984 1985 1986 full each year --

oper a tion 1987 and afte r  

Di rect wages and salar ies 2 . 2  9 . 3 28 . 1  27 . 8  8 . 4  7 . 3  10 . l 9 3 . 2  11 . 9  

Ind irec t  wages and salar ies 1 . 0  4 . 9  13 . 7 13 . o  4 . 2  3 . 7  5 . 2  45 . 7  5 . 5  

I n terest , d ividend s ,  and rents 0 . 5  2 . 1  6 . 1 6 . 0  1 . 9  1 . 6  2 . 2  20 . 4  2 . 5  

t-1 
Total p r ivate-sec tor income 3 . 7 16 . 3  47 . 9  46 . 8  14 . 5 12 . 6  17 . 5  159 . 3  19 . 9  I U1 w 
Public-sec tor i ncome 0 . 1  0 . 6  1 . 8  1 . 8  0 . 6  0 . 5  0 . 7  6 . 1  0 . 8  

Net transfer payments (0 . 2 )  ( 0 .  9 )  ( 2 . 6 )  ( 2 . 6 )  ( 0 .  8 )  ( 0 . 3 )  ( 0 . 5 )  ( 7 . 9 )  (b) 

Net per sonal income 3 . 6  16 . o  47 . 1  46 . o  14 . 3  12 . 7  17 . 8  157 . 5  20 . 7  

SOURCE: Larry Adcock and Assoc iates, 1979 . 

aThe figures for the construc tion per iod 1980 through J986 include managemen t and design activity .  

bTransfer payments du r ing the opera tional phase a r e  assumed t o  be neutral over time. 



sec tor . In the public  sec tor , abou t $6  mill ion in per sonal income will come 
f rom the i nc reased ac tivity in the area f rom add i t ional State and local gov
er nmen t and the ind irec t Federa l-agency employment requ ired for suppor t .  
Thus , the total per sonal i ncome added to the area dur ing the constr uct ion 
phase of the WI PP proj ec t  is expec ted to be $165 mi llion from the beg inn ing of 
constr uc tion unt il full ope ration at the beg i nn ing of 1987 . However ,  net loss 
from tr ansfer paymen ts ( generally Soc ial Secur ity paymen ts) will decrease th is 
total to j u st le ss than $ 158 mil lion .  

The per sonal income to be de r ived from the operat ion o f  the WIPP proj ec t 
w i ll be sign i f icant ly d i fferent f rom that der ived in the constr uction phase.  
The amount of money flowing direc tly into the local economy dur ing a normal 
year of operat ion will be approx ima tely $ 16 . 9  mil lion .  Al though th is amount 
may va ry with expenditure patte rns in the operat ion of the plant , th is appen
d ix uses a constant f igu re of $ 16 . 9  m i llion .  Th is f igu re is sign i f icantly 
d ifferent from the tota l direc t expend itures of $40  to 4 2  mi ll ion annually 
dur ing the peak years of the constr uc tion per i od .  

The est imated $16 . 9  mi llion annual flow direc tly assoc iated with the opera
tion of the plant with local procu rement and labor will mean tha t ( 1 )  approxi
mately $ 11 . 9 mi llion will be realized in per sonal income by per sons connec ted 
d i r ect ly w ith the plant 1 ( 2 )  wages and salar ies der ived f rom ind i r ec t ly af
fec ted bu sinesses in the area will amount to almost $ 5 . 5  mi llion ; ( 3 )  govern
ment expend itu res requ i r ed  by add itional ac t iv ity and flowing into per sonal 
income will tota l abou t $0 . 8  mi llion per year 1 ( 4 )  new d iv idends , inte rest , and 
rents w i ll create approx ima te ly $ 2 . S  mi llion in pe r sonal income 1 and ( 5 )  dur ing 
the first years of opera tion , net tr ansfer payments will be negative ,  but la te r  
they w i ll have a net pos i t ive e f f ec t .  Because of th is balanc ing e f f ec t ,  trans
fer paymen ts for an average year have been cons idered neu tral . The net resul t ,  
therefore , w i ll be an annual i nc r ease in tota l per sonal income of approx ima te ly 
$20 . 7  mi llion .  

L . 6  HOUS ING , LAND USE , AND COMMUNITY SERVICES 

L . 6 . 1 Hou sing and Land use 

The demand for new hou sing depend s on popu lat ion and hou sehold size.  The 
hou sing-demand proj ections developed for the impact analy s is prepa red in 
con j unc tion with th is append ix are based on popu la tion proj ec tions d iscussed 
previous ly and hou sehold-s ize proj ect ions der ived f rom several sour ces . 

Hou sehold size for the base line populat ion is based on hou sehold-size 
proj ections in Bu reau of the Census Publication P- 25 , No . 6 07 , adj u sted to 1970  
household size  in the impac t area ( der ived from the 1970 Census of Hou sing ) . 
Thu s ,  if the 1970 hou sehold size in the impact area is above the U . S .  averag e  
in that year , the projec ted hou sehold size  i n  the impac t area will b e  adj usted 
upward f rom the p roj ec ted U . S .  ave rag e .  

Househo ld sizes for WI PP- induced populat ion changes come from two basic 
sou r ces . For constr uction wor kers and the ir fami lies , hou seho ld s ize is bas ed 
on in formation in the Constr uc t ion Wor ker Prof i le (Old West Reg ional Corranis
sion,  Wa shing ton, D . C . , 197 5 ) . For ope ration employees and for per sons mig rat-
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ing for ind irec tly created jobs,  hou sehold size  depends on the likely place of 
or igin of the i nd ividua ls moving into the area . If the re is no obvious or 
log ical single place of or ig in , then the U . S .  average household size ( from 
Bu reau of Census Publ ication P- 25 , No . 6 07 )  will be used . If it appears tha t 
most of the ind iv iduals will be likely to come from elsewhere in New Mexico , 
then U . S .  hou seho ld-s ize p roj ections will be ad justed to account for pa st 
State d ifferences from the U . S .  average . 

Once hou seho ld s izes have been p roj ec ted , the demand for hou sing un i ts is 
determined by d iv id ing the hou sehold size  into the appropr iate population 
component . For base line population change s ,  the populat ion component is 
essenti ally the entire populat ion , with a small adj u stment for the por tion of 
the population not l iving in hou sing un its . Th is latter g roup is generally a 
small frac tion of the tota l populat ion , compr ised pr imar ily of people liv ing 
in nur sing homes .  The population components for proj ect-related populations 
are der ived by method s d iscussed ear lier in th is append ix . 

The demand for occupied hou sing un its prov ides the base for a second set 
of calculations that show the hou sing stock necessary to ma inta in a 3% vacancy 
rate . Th is is found s imply by d iv id ing the demand for occupied un its by 0 . 97 .  

The anK>unt of constr uc tion ac tivity needed to mee t the demand for hou s i ng 
at a 3% vacancy rate is then ca lcula ted . It  is based on the pre sent a sse ss
ment of hou sing and vacancy-rate figures and proj ec ted hou sing requ ir ements . 

F i na lly , hou sing requ i rements are alloca ted to hou sing type s ( single 
fami ly ,  multifami ly , and mobile home ) based on informat ion in the Construction 
Wor k er Prof ile . Table L-18 shows the hou sing-type demands of three cla sses of 
populat ion : newcomer construction wor ker s ,  other newcomer s ,  �nd long-time 
residents . Base line populations are assumed to have the same hou sing-type 
demand s as the long-t ime residents , wh ile the pre ferences of newcomer con
str uc tion workers are used to allocate hous ing types for constr uc tion new
comer s attrac ted by the proj ec t .  The in-migrants attracted by ind irec tly 
created jobs a re a ssumed to have the same prefer ences as the other newcome r s . 

Table L-18 .  Hou sing-Type Demand 

Type of un it 

Newcomer 
construc tion 

workers 
Other 

newcomers 
Long-t ime 
re sidents 

S ing le fami ly 
Mul t ifamily 
Mobile home and other 

Tota lsa 

34 
11 
56 

10 1 

55 
17 
27 

99 

Source :  Old We st Reg ional Commission , Constr uct ion Wor ker Prof ile , 
Wash ing ton , D . C . , 19 7 5 , p. 10 3 .  

aTota ls do not add to 1 0 0  becau se of round ing . 
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Method s used to calculate land requ irements for pro j ec ted population in
c r eases depend on the relat ive scale of  popula t i on change s ,  both u nder base
l i ne and impac t cond it ions . For small re lat ive changes i n  popula t i on ( and 
there fore sma ll changes in hou s i ng demand) the pr i nc ipal demand f or land i s  
for hou sing un its and road s .  In  th is case , land- u se requ i r emen ts are calcu
la ted on the ba s is of a re lative ly g ene rou s ave rage lot s i z e  ( e . g . ,  one-quar ter  
ac r e )  p e .c  hou s i ng un it . The ass umption is that relatively small inc rc u. s e s  in 
popula tion w i ll not requ i re p ropor tional i nc r eases in a ll mun ic ipal l and-u s e  
categor i e s .  For example , a 5 %  populat ion inc rease shou ld not requ ire  a 5 %  
i nc r ease in land requ i r�ments a s soc i a ted w i th s uch pub l ic f ac i l i ties a s  c i ty 
ha ll , poli ce stations , and f i r e  sta t ions . I n  essenc e ,  it is  ��sumed that 
there is some excess capac ity in the land a s soc i a ted v i th s uch f ac i li ties . 

For larger re lative popu lation inc rease s ,  the basic assumption is tha t land 
requi rem ents f or v i r tua lly a ll types of land u se w i ll g r ow in propor t i on to the 
hou s i ng stock . In th is situat ion , the to ta l land occup ied in the mun ic ipa l i ty 
is d ivi ded by the amount of hou sing to obta in the land requ i red f or each un i t  

o f  hou sing . 

Fina lly , it  shou ld be noted that for d ifferent purpose s e ither of the 
methcds above may be app ropr i a te in de ter min ing land-u se r eq u i remen ts . For 
example , the base l i ne populat ion growth may be sub stan t i a l ,  call i ng for the 
use of a lar ge land-u se f i gu re for each hou sing un i t ,  wh i le the mar g i nal 
change c.ssoc iated with the impac t population is small , thu s requ ir ing only a 
sma ll land-u se figu r e .  Conversely ,  the re a re i n s ta nces in wh ich ba se line 
g r owth is expec ted to be small wh ile the proj ec t  impc.c t is expec ted to be 
l<irge , wh i ch i nd i ca tes that a sma l l  ba se l i ne land-u se f igu re e.nd a large 
impac t f i gure are appropr iate . 

L . 6 . 2  Commun ity Services and Fac i li ti e s  

Populat ion inc reases in a commun ity usually generate two types o f  impac t 
on commun i ty services and f ac i l i ties . F i r st ,  in most cases there w i l l  be an 
i nc rease in the demand for se rvices,  mor e or less in propor t ion to populat ion 
or ho� sing i nc r ea ses . For example ,  more people w i ll requi re more wa ter , gen
erate mor e sewage , and need mor e med ical ass is tanc e .  A s  a re sult o f  the in
c r eased demand , per sonne l r eq u i rements and ope rating expenses w i l l  gene rally 
r is e .  ( For a discuss ion of opera t i ng expenses , see Sec tion L . 7 , F i scal-Impac t 
Ana lys i s . ) 

The second type of impac t i s  an over load ing of some par t  of the system 
that has a f ix ed capac ity . Generally ,  f ix ed capac i ty implies some type of 
c ap i ta l fac il i ty ,  such as a school or a sewage-treatment plan t ,  but it also 
i ncludes wa ter r igh t s .  

The ana lysis o f  impac ts on commun ity services and fac il i t ies therefor e 
requ i res two ba sic s teps . F i r st ,  changes in the demand for var iable par ts of 
the system ( e . g . , per sonnel ,  cub ic fee t of natura l gas)  must be proj ec ted .  
T);en , proj ec ted i nc r eases in  demand mu st b e  compared w i th the ex i sting capac
i ty of those par ts of  the system that are not read i ly var ied in small inc re
men ts . In other words ,  an impor tant par t  of the analy s is is to determine 
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whether one of the impac ts of a proposed action is to require the construction 
of , for example ,  a new sewage- trea tment plant . 

Two basi c  method s are used to projec t  the demand for se rvices : the per
capi ta mult iplier and the per-household mul t iplier ( or i ts equ ivalent , the 
multiplier for each occupied housing un it) . ( For a d iscuss ion of the appro
pr ia te application and the advantages and d isadvantages of the se methods , see 
R .  Burchell et al . ,  The Fiscal Impac t Handbook , Center for Ur ban Policy Re
sear ch , New Br unswick , New Jer sey , 1978 . )  Gene rally , the per-household multi
plier is used to proj ec t demand s for natural-gas ,  electr ic ity , and te lephone 
ser vice , wh ile the per-cap i ta method is used to proj ect the demand s  for wa ter , 
sewage treatment ,  solid-wa ste d isposa l ,  fire and police protection , and med ical 
ser vi ce s .  With s l ight mod if ications , the per-capi ta mult iplier is used to 
proj ec t  tra ff i c  flows as we ll .  

The multipli ers used in each approach are based on recent ac tual per-capita 
or per-household figures in the impact area , with adj u s tments made whe re air 
propr iate . Adj ustmen ts are made when nat iona l ,  reg iona l ,  or local data ind i
ca te that r ec ent per-cap i ta or per-household levels may not rema in unchanged 
over time . For example , in proj ec ting water demand for New Mex ico commun i
tie s ,  per-cap i ta use rates are changed over t ime in the same propor tion as the 
change s projec ted by the New Mexico State Eng ineer in the "County Profile" 
ser ies (New Mexico Inter state Stream Commission and New Mexico S ta te Eng ineer 
Off i ce ,  County Profile ( var iou s  counties) , Santa Fe , New Mexico ,  19 7 5 ) . 

Ad j u stments are also made if very r ecent changes in some key fac tor have 
cau sed h istor i cal per -cap ita or per-hou sehold use rate s to be unreliable for 
futu re p roj ec ti ons . For example , if a wa ter-pr ice i nc r ea se has occu rred in 
the past year , result ing in less than a full year ' s  data at the new rate , 
per-capi ta u se rates will be ad j u sted on the ba s is of wa ter-demand pr ice elas
tic ity estimate s .  ( For a d iscuss ion of wate r-demand pr ice elast ic ity esti
ma tes , see G . Bonem et al . ,  Water Demand and Supply in the Albuquerque Greater 
Ur ban Area , Bureau of Business and Economic Research , Un ivers ity of New 
Mexico, December 1977 . )  

Once demand for a se rv ice ha s been proj ec ted,  it is compared with the 
service capac ity of the fixed components of the sys tem . Th is is genera lly a 
stra ightforwa rd numer ical compar ison ( e . g . , acre-feet per year of wate r demand 
versus annua l water r ights ) . The areas in wh i ch demand exceeds ex isting ca
pac ity are identified ,  and the impli cations of the excess demand are noted.  

For seve ral reasons , the level of  deta i l  var ies cons ide rably in the anal
ysis of each commun ity-service categor y .  First , an inve st igation of the 
existing service capac ity may show that the re is considerable exce ss capac ity , 
more than needed to accommodate any poten tial change in demand from base li ne 
or impact population change s .  A s imilar situation exists when the impact area 
is small in re lation to the serv ice area , as often happens with natura l-ga s ,  
e l ec tr ic ity , and te lephone ser vice . In th is ca se,  even relat ively large base
line or impac t population changes in the impac t area have little eff ec t  on the 
overall serv ice area . In both s ituations ( s ign i f icant exce ss capac ity and 
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small impac t area in re lat ion to the service area) a deta iled analysis is 
genera lly unwar ranted . 

At the other extreme , sometimes a proposed ac tion may exert a lar ge re
lat ive impact on the demand for a service . In th is instance , every e ffort i s  
made to determine in deta il the extent o f  the impac t. Th is often involves 
extensive i nter views with the manager or other per sonnel of the agency or 
company prov iding the serv ice . 

Finally , base li ne proj ec tions often use less-sophisticated techniques 
(e . g . , unad j u s ted per-capi ta  mul t iplie r s )  than do impact p roj ections . 'rtlis i s  
because base li ne projec tions generally are intended to provide a background 
aga inst whi ch impac ts are evaluated, and not to be a prec ise proj ection of 
service-level demand s under base li ne cond itions . The key fac tor in the anal
y s is of base li ne proj ections is the e ff ect on system capac ity . If a new 
sewage-tr eatment plant or school is required under base line cond it ions dur ing 
the per i od  under analy s i s ,  then the capi tal cost of the fac i lity is not as
signed to the proposed ac tion whose impac t is being studied .  On the other 
hand , if capi tal fac i lities or wa ter r ights are adequate under base li ne con
d itions but inadequate under impac t conditions , the burden of reduced service 
leve ls or i nc r eased capi tal costs re sts on the p roposed action .  A more de
ta iled discu ss ion of the tr eatment of costs is presented in Section L . 7 .  

L . 7  FI SCAL- IMPACT ANALYSIS 

L . 7 . 1  Revenues 

Proj ec tion techniques for county and munic ipal revenues are essentially 
the same . The fi r st step is to collect data on pa st revenue levels . For New 
Mexico count ies the source is generally the Depar tment of Financ e  and Admi n
istration ,  New Mexico County Governments , Annual Repor t .  For New Mexico 
mun icipalities the sou�ce is the equivalent annual repor t se r ies , New Mexico 
Mun icipal Governments . Dur i ng the per i od  that follows the end of the f iscal 
year bu t precedes the publi cation of the annual repor ts ,  county and mun ic ipal 
governments are contac ted to obta in repor ts for the most r ec ent f iscal year . 

Once da ta cove r ing seve ral years have been collected , a pre liminary anal
y s is is made . Th is i nvolves pu tting each ma j or revenue category ( fund) i n  
constant dollar s ,  using the Gross National Produc t Pr ice Index a s  a deflater , 
and examining the r ecord for pronounced tr ends or maj or changes . If s uch 
trend s or changes are found , they are cons idered in making proj ec tions . How
ever , trends genera lly are g raduai and are usua lly ignored. Maj or changes 
usually re sult from inc reases in revenues that are not expec ted to continue 
each year . These are gene rally revenues f rom bond sales or f rom s - �ial gov
ernment transfers ( e . g . , drought re li e f ) . Such changes are noted . �nd con
sidered i n  s ubsequent stages of the p roj ec tion p roce ss ,  as descr ibed below . 

Afte r the pre liminary examination of the budget is completed , the revenues 
for the most r ecent f iscal year are separated i nto the categor ies shown in 
Table L-19 . These categor ies present a clear picture of the type and source 
of revenues , a picture that is not evident when revenues are classified by 
fund , as they generally are in mun ic ipal or county budgets . 
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Table L-19 . Revenue Categor ies and Projection Method s 
Used for New Mexico Municipalities and Countiesa 

Revenue Type Mun ic ipal County 

Taxes 
Property 
F ranch ise (M) 
Occupat ion (M) 
Oil and gas 
Lodgers 
Gross �ece ipts 

Charges and mi sce llaneou s 
Licenses , permits , and fees 
Charges for serv i ces 
Fines and for feits 
Uti lities (M) 
Interest on investments 
Payments in lieu of taxes 
Miscellaneou s 

<:MN-SOURCE REVENUE 

INTERGOVERNMENTAL TRANSFERS 
State 

Gasoline taxes 
Auto- license distr ibution (M) 
C igarette taxes 
Gross rece ipts taxe s  (M) 
Motor veh icle (C)  
Fi re a llotment 
Grants 
M isce llaneou s (C )  

Federal 
Revenue shar ing and grants 
M isce llaneou s (C)  

Local (M) 

Otherb 

Source :  Adcock and Assoc iate s ,  1979 . 

PH 
PC 
PC 
NC/T 
PC 
PC 

PC 
PC 
PC 
PH 
PC 
PC 
PC 

PC 
PC 
PC 
PC 

PC 
PC 

PC 

PC 

PC 

PH 

NC/T 
PC 
PC 

PH 
PC 
PC 

PC 
PC 
PC 

PC 

PC 

PC 
PC 
PC 
PC 

PC 
PC 

PC 

aKey : C ,  county revenue item only 1 M, mun ic ipal revenue item only 1 PH , 
p roj ection on per-housing-un it bas i s 1  PC ,  p roj ect ion on per-capi ta  ba s i s 1  NC , 
no change proj ec ted.  

binc luded in "other "  are revenues not clearly ass ignable to spec i f ic 
sour ce s .  
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Once revenues have been allocated to the proper categor ie s ,  proj ec t ions 
are made . The revenue-p roj ec tion method is based on mod ifications of methods 
suggested in The Fiscal Impac t Handbook . For base line pro j ec tions , most 
revenue i tems are p roj ec ted on a per-cap i ta bas is . A sma ller g roup are 
proj ec ted per hou sing un it , and occasiona lly a revenue item is projec ted to 
show no change .  

For most revenue items the most recent ac tua l annual per -cap ita or per
hou sing-un it level is tak en as the most re liable gu ide to future levels.  
Although budgeted levels for the coming fi scal year are  chec ked for ma jor 
changes f rom pa st amounts , budgets are felt to be an unre liable bas is for 
proj ec tions . For one th ing , they are themselves proj ec tions , and the ir 
accu r acy depends on the sk i ll of the mun ic ipal or county offic ials mak i ng 
them . There is also a tendency for budgets to inc lude a rather large "other " 
ca teg ory with unspec ified components . F i nally ,  compar isons of pa st budge ted 
revenues with ac tua l revenues show a rather large discrepancy between budgeted 
and actual amounts . 

In choosing the mos t recent ac tua l revenue levels as the gu ide to the 
futu r e ,  several a ssumptions are made . Fi r st ,  it is a ssumed that tax rates 
will not change . Wh ile th is is probably not a reliable assumption , the al
ter nat ive is to p roj ect the b ehav ior of elec ted officia l s ,  many of whom have 
not yet been elec ted , since it is these off iceholder s  whc se t tax rate s .  The 
" no change" a ssumption seems the more conservat ive of the two alternative s .  

A simi lar set o f  assumptions ( that is , no change) applies to the level of 
char ges for services , such as utility rates , and d istr ibution formulas for 
State and Federa l transfer s .  Aga in , it is not felt that these items will 
never chang e ,  but that p r ed ic ting the d i rection and t iming of such changes is  
less re liable than assumi ng no change .  

I n  essenc e ,  the use of the most recent ac tual revenue level comb ined with 
the per-cap i ta or per-housing-un it proj ec tion method i nd icates what revenue 
leve ls would be if current cond it ions continued into the futur e .  

There are some excep tions to the use o f  the per-cap i ta or per-housing-un i t  
proj ec tion method . Some revenue sou rces are clear ly independent of local pop
ulation or hou sehold levels , b ecause of the nature of the tax base or b ecause 
of the distr ibution formula. For example , in some counties in  New Mexico, oil 
and gas produc tion ( severance) taxes are an impor tant revenue source . The se 
taxes are based on the level of oil and ga s produc tion in these count ies,  a 
tax base that is not influenced by population or the housing stock . 

Four alternat ives are ava ilable for the proj ec tion of such a revenue 
source.  Fir st ,  an i ndependent proj ect ion of the tax base may be used. How
ever , such projec tions are frequently unava ilable . A second poss ibility is to 
generate a proj ect ion of the bas e ,  a proce ss that is usually too time-consuming 
( and expens ive ) for an impac t analysis . The th ird approach is to rely on re
cent tr ends in the base--or in the tax revenue i tself . Th is is of ten the best 
alternat ive , given the limi ts of time and budget , but there are si tuat ions in 
wh i ch it is not appropr iate .  For example , in the case of the oil  and gas 
produc tion taxes men tioned above , the recent histor y of the indu stry shows 
g r eat fluctuations in th is source of revenue in some counties . As a resul t ,  
no statistically re liable rec ent trend can be iso lated . Th is makes i t  neces
sary to use the fourth method , wh ich is to assume no change in the total (as 
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opposed to per -cap ita ) level of th is source of revenue . Wh ile th is is the 
most conser vative assumption under the c i r cumstance s ,  it leads to problems 
when projec ted revenue s are compared with proj ected expend iture s .  More will 
be sa id about th is problem a f ter expend itu re-p roj ec tion methods are d iscu ssed 
below . 

There are also exceptions to the use of the most recent ac tual revenue 
level f or proj ec tions , even when per-capita or per-hou sing-un it p roj ec t ions 
are used . These exceptions are genera lly _made for those nonrecurr ing revenue 
i tems mentioned above (bond proceeds and government transfer s) that may have 
occurr ed in the most recent year . In the case of bond proceeds , it is gene r
ally a ssumed that no bond sales will occur unless a spec i f ic bond issue ha s 
been planned . For governmen t transfer s ,  the general r ule is that the most 
recent y ear is used except for those prog rams that are obviously not recu rr ing . 

The same general method s are used to proj ec t revenues re sul ting from the 
imp ac t  of the p roposed ac tion .  However ,  if the p roposed ac tion requ i res ma j or 
cap ital expend iture s that wou ld not be requ ired under base line cond it ion s ,  an 
attempt is made to proj ect the magn itude and t iming of bond revenues to fi
nance the expend it ures . 

Table L-19 shows the spec ific  proj ec tion method s u sed for mun ic ipal i t i es 
and counties in New Mexico . In most ins tance s the per-cap ita mul t iplier is 
used . There are three reasons for choos ing th is method . F i r st , in many cases 
( e . g . ,  g ross r ece ip ts taxes) it is clear ly the be st ava ilable a l ternat ive . 

In some case s it is used even though some other method is clear ly bet te r .  
An example o f  th is is Taylor Grazing Ac t fees {a  Federal transfer ) going to 
the county . Since the base is independent of populat ion , these fees would not 
be expec ted to r ise in propor tion to county population . However ,  the ac tual 
amount of revenue from th is source is so small that making an independent pro
j ec tion or a ssuming no change would involve compu tational complex ities not 
offset by a mea surable improvement in the reliabi l i ty of the overall revenue 
p roj ec tion .  There for e ,  th is sour ce is i nc luded with other Federal transfer s ,  
and the entire subg roup is proj ec ted on a per -cap ita basis . 

A th i rd g roup of revenue i tems is proj ec ted on a per -capita bas is even 
though populat ion represents only one of the dete rmi n ing fac tor s in the 
revenue level . Th is g roup i ncludes ga soline- tax , c igar ette� tax , and au to
license distr ibutions from the Sta te , all of wh ich have distr ibution formulas 
in wh i ch population is only one f ac tor . However ,  it can be shown tha t ,  if the 
other items in the dis tr ibution formula increase in propor tion to popula tion , 
then per-cap i ta proj ection methods are appropr iate .  Th is cond i t ion is lik ely 
to be met fa ir ly close ly when compar ing revenues under base li ne and impac t 
corxj i tions . For example , in calculating ga soline-tax d i str ibu t ions the rat io 
of road s in the local j u r i sd iction to roads in the Sta te is  used along with 
population . If the number of mi les of road in a local area { e . g . ,  mun ici
pa lity) is  h igher under impac t cond itions than under base line cond itions in  
rough p roportion to the relative population levels under the two cond i tion s ,  
then the per-cap ita share o f  gasoline-tax distr ibutions will b e  the same under 
both corxj itions . Thu s , the use of the per-capi ta proj ection method may some
wha t  bias the base line revenue proj ec tions , bu t will be re latively accurate in 
compar ing base line and impac t cond it ions . 
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Revenue items proj ec ted on the basis of hou sing units include utility 
fees , property taxes , and fees ( e . g . , bu ilding permits ) ,  since these are more 
closely re lated to the number of hou sing un its than to population . 

The on ly item proj ec ted to show no change in the total revenue level i n  
the two examples shown i s  the oil and gas ta x  category for the county . 

L . 7 . 2 E?Cpend itures 

As with revenues ,  the projec tion methods used for county and municipal 
expend itures are e ss entially the same . The process begins with the acqu isi
tion of data from the same sources as those for revenues .  Spend ing for sev
eral year s is then conver ted to constant dollars by u sing the Gross National 
Produc t Pr ice Index . Mun ic ipal expenditures are allocated by fund , wh ile 
county expenditures are allocated by service function ( e. g . , public work s ,  
public sa fety) , a s  dictated by the format of the or ig inal data . 

Once the data are in constant dollar s ,  they are examined for major trends 
and nonrecurr ing items , wh ich are noted and accounted for in the projection 
proce ss . 

After a pre limina ry analysis of the data , the proj ec tions are made . The 
methods used are a combination of the per-capita mult iplier and the case study 
method , as set for th in The Fiscal Impac t Handbook .  Basically , th is involves 
proj ecting futu re expend itures on the bas is of the most r ecent actual per
capita leve ls , except that nonrecurr ing capital-spend ing items are excluded . 

The proj ections made in the analys is of demand s  for conanun ity services and 
fac ilit i es prov ide the basis for the capital-spend ing forecasts . I f  these 
proj ections i nd icate excess capac ity for a particular capi tal fac ility for the 
per iod under analysis , only recurr ing capital expend itures are included in the 
service function . On the other hand , if a capi tal fac ility is proj ected to 
become inadequate in the future , est imates of expans ion costs are included in 
the foreca s ts .  Recu rr ing capital spend ing is based on statewide , county , or 
munic ipal averages ,  der ived from Depar tment of Finance and Administration 
annual repor ts . capital- fac i lity costs are der ived from var ious sources gen
erally in the bu ild ing indu stry � they are expressed in terms of annual debt 
service . 

The same genera l methods apply to baseline and impac t proj ec tions . In 
both cases the approach is to isolate the fac tors that will result in devia
tions from recent per-capita spend ing levels and to incorporate those changes 
into spending proj ection s .  

L . 7 . 3  Net Fiscal Impac ts 

The unde r lying ph ilosophy used to make baseli ne proj ec tions of revenues and 
expend itures is somewhat d i ffer ent f rom that used to make impact p roj ections , 
although the method s u sed in each case are simi lar . Base line proj ec tions are 
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used to j udge impac ts . As a resul t ,  less deta il goes into the baseline proj ec
tions . For example ,  for counties , all spend ing is proj ec ted to grow in propor
tion to population under base line cond it ions , wh ile some revenue items may not 
be p roj ec ted to grow.  Th is can resul t in a pro j ec ted de fic it for a county . 
However , the proper inte rpretation of th is result is not that the county is 
nece ssar ily fac ing f iscal d i fficulties , but rather that,  if spend ing grows i n  
propor tion to population , some revenue sources wi ll have to inc rease by more 
than the proj ec ted amount . As an alternative , spending ( and service)  levels  
may be reduced from curr ent per-capita levels . 

No ma tter what f iscal ad j u stments may be made under base line cond i tions , 
the baseline pro j ec tions are intended to ind icate or ders of magnitude for 
spend ing and revenues dur i ng the per iod under analy s is . 

On the other hand , fi scal- impac t pro j ec tions are intended to show , with as 
much accu racy as poss ibl e ,  given h i stor ical da ta and informat ion obta i ned in 
interviews with loca l off icials , the ac tual li kely fiscal effec t  of the pro
pos ed action .  Every e ffor t i s  made to i nclude in the analys is only the f isca l 
impac ts induced by the proposed ac tion . Thu s ,  a projec ted fiscal deficit or 
surplus a ssoc iated with the proposed ac tion should be interpreted as such . 
Not only is greater deta il incor por ated into impac t projections , but generally 
these p roj ections can be made with g r eater re liability than can ba seline pro
j ec tions . For example , pro j ec ting oil and ga s tax revenues cau ses problems 
under ba se line cond ition s ,  but si nce o il and gas production genera lly is not 
expec ted to be aff ec ted by the proposed projec t ,  no change in these revenues 
is attr ibu table to the proj ec t ,  rega rdle ss of what ha�ens to oil and gas 
taxes . 
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In an ar tic le entitled "An Appraisal of Non-Survey Techniques for 
Estimating Reg ional Input-Output Model s , "  David G .  McMenamin and Jo seph 
Haring state that : 

"Non- survey or minimum-survey methods for constructing regional 
input-output tables are attractive to model builders because of 
the relat ively small cost involved as compared with full survey 
models . "  (9)  

McMenamin and Haring go on to s tate tha t many of the non-survey tech
niques have not been highly successful in the past , but r ecently accuracy 
s eems to have improved by the use of newly d evelop ed techniques . Indeed , 
the full survey method of building input-output tables is co stly .  Wh ile 
records are rath er poor , it  is estimated that the 1960 New Mexico table cost 
approximately $100 , 000 to cons truct and work was accomplished over a three
y ear period . Recent estimates indicate that a new table for New Mexico of 
the full-survey type would probably cost wel l  over $ 100 , 000 . 

Such costs for a full-survey table for relatively small s tat es makes 
the non- survey technique desirable in terms of available resources . How
ever , the level of accuracy of the non-survey technique table is still in 
question . Therefore , in this study , an in-dep th examination of several 
aspec ts of the locat ion quotient adj us tment process for der iving a non
survey input-output table from national coeffic ients was und ertaken . In 
p erforming the task , two basic questions were answere d :  (1) can the table 
be constructed with available d ata and available techniques ?  and ( 2 )  how 
d oes the table c ompare with a full-survey based table ? 

The results of th is study could be extremely important no t only to the 
research work being conducted at the University of New Mexico , but to the 
State in general . S ince the 1960 New Mexico full-survey table was c ompiled , 
little updating ha s occurred (2 , Append ix A) . In early 197 0 an examinat ion 
was made of this or ig inal survey-based table to determine if a household 
sector could be added to the d irect coefficients table g iven the information 
ava ilable from the na tional level .  This was accomplished in 197 1 .  Basically , 
this const itutes the upda ting of the orig inal 1960 table . 

It is apparent that since the economic sec tor mix and the level of sophis
t ica tion of the economy has changed signif icantly s ince 196 0 ,  the value of the 
1960 table for research work is  questionab le . In this study , a non-survey 
1960 table was der ived from available information and then compared to the 
full-survey table in ord er to determine the level of accuracy of the non
survey technique . S ince the tests proved positive , the BBER used the tech
nique to construc t a non-survey 1972 table for the State . 

METHOD 

The basic me thod employed in this study c enter s  around the use of loca-
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t ion quotients for determining the adj ustment to be made to  the direct co
efficients of the United States input-output table in order to produce a 
regional d irect coef f icient input-output table . The result is a non-survey 
input-output table of direct coeffic ients for the New Mexico economy of 1960 . 
Consequently , the locat ion quotients were those for the per iod 1960 while the 
national survey coeff icients ar e from 1963 . The method therefore makes the 
naive assumptions that the coefficient s did not change between 1960 and 1963 , 
and that on the average the techniques of production in New Mexico are similar 
to those in the United S tates , at least in the 1960-1963 period . 

The obj ective of this paper is not to engage in a digression of the rela
tive positive and negat ive aspects of the input-output technique itself , but 
it does seem in order to discuss the assumption that the techniques used in 
production are constant to a specif ic industry regard less of its geographic 
location or size . Basically , a survey-derived input-output table for a 
specific reg ion should point out the various techniques used in production 
when that table is compared with a table compiled for any other region . We 
would expect some differences ; for example , the use of labor as a quantity 
input to production would vary from region to region depending upon the 
alternative costs in the production of a product , recognizing the fact that 
the producer minimizes his cost and that the labor costs relative to the 
price of other inputs vary from region to region. 

The non-survey technique employed in this study , however , cannot take 
the varying techniques of produc tion under cons iderat ion because the process 
of adjustment does not account for them. In this way the non-survey table 
differs from the region-specific survey type model . 

Although many other minor dissimilarities can be dis t inguished , one other 
maj or distinct ion in this method exists . This variation concerns an assump
tion that normally occurs , not in the build ing of the model but in its use . 
In employing an I-0 model for deriving the impact of changes to a specific 
industry in terms of s ize or production levels , or for the addit ion or dele
tion of industries  in an area , normally we make the as sumption that a specific 
industry or f irm buys input produc ts from other firms in the area that appear 
to produce those needed products for the production of the buyer ' s  products . 
In other words , under normal conditions , the input-output process is not re
fined to the degree needed to adjust for the absence of a spec ific product 
needed from the existing industry that appears to produce the input simply 
because the S tandard Industr ia l  Classification code listing encompasses that 
spec ific input . 

In the building of a survey-type input-output model this assumption is 
no t needed , since the input s are traced to domestic producers in the existing 
economy or the input is designated as an import .  However , in the non- survey 
technique of build ing the input-output model , an as sumption is also made that 
if the industry exists in the area , the product is bought in the area , and 
thus it is available . The location quotient does nothing more than adj ust 
the level of purchasing of that specific input . Therefore , under normal 
conditions , it may be assumed that the non-survey technique employed in this 
study could slight ly overest imate the purchasing of the required input-product 
from exist ing industries in the area by another existing indu stry . This could 
possibly underest imate the importation of needed input s  by any one specific 
industry . On the other hand , s ince a f irm is c lassif ied by the maj or product 
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(or service) it produces , then some product identif ication is obscured through 
classif ication and the result is an underestimate of available products . The 
latter situation appears to be the lesser of the two-sided problem. 

Turning to the specific method used in this study , the f irst matter to 
consider is that of the adj ustment technique , specif ically , the location
quotient derivat ion and its application to the U . S .  table . Two types of 
location quot ients were used in this study.  The first is the tradit ional 
type,  which is a comparison of the relative importance of an indus try in a 
region with its relative importance in the Nation, by use of employment f igures .  
Secondly , the output-location quotient accomplishes the same comparison ; how
ever , instead of employment ,  the dollar volume of output is used . 

The following is a description of the locat ion quot ients employed . 

LOCATION QUOTIENTS 

Employment Location Quotient 

In its simplest form the employment-location quotient is defined for the 
ith industry as : 

where ; 

ELQ is def ined as the F.mployment-Location Quotient ; 
ei is the regional (New Mexico) employment in the ith industry ; 
e is the total employment in the region (New Mexico) ;  
Ei is the national (total )  employment in the ith industry; 
E is the total nat ional employment (13 , 14) . 

If the location quotient is equal to 1 ,  we assume that the reg ion is self
suff icient in that industry. That is, on the average , the region is producing 
its  domestic needs specif ic to that industry . If the location quotient is 
less than 1 ,  the region is probably not producing its domestic needs in rela
t ion to that industry , and therefore part of the industry-specif ic consumption 
of that region is necessarily imported , On the other hand , if the location 
quo tient is more than one , we assume that the region is producing goods for 
expor t . /  Several basic qualif ications are necessary in order for the location 
quot ient to be a realistic tool .  

One necessary assumption i s  that the consumption patterns for each region 
are analogous to those of the nation as a whole , and that all production in 
the United States is consumed domestically . We can easily see that if the 
consumption is not 100 percent domestic ,  then a location quot ient for any 
specific indus try which is equal to unity does not necessarily mean that 
that  industry is j ust self-sufficient . It may in fact be a net exporter . 

Moreover , if national consumpt ion of a spec if ic product warrants impor
tation of that product , ·a location quotient greater than unity may be needed 
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for an industry to be self-suff ic ient in the production of that specific 
product . However , if we assume that the consumption patterns are fairly 
equal fr om region to region , and that impor ts and exports are small rela
tive to total product ion , then the location quotient concept is intuitively 
a logical tool for the adjustment process . 

Output-Location quotients 

Basically , tho se deficiencies and positive aspects of the employment
location quotient hold true for the output-location quot ient . The output
location quotient is def ined as : 

where : 

XLQ is defined as the dollar output-location quotient ; 
Xi is the dollar output of the ith industry in the region (New Mexico) ; 
x is the dollar output of all indus try (Gross State Product )  in the 

region (New Mexico) ;  
Xi is the dollar output nationally of the ith industry ; 
X is the total dollar output of all industry (Gross National Product) 

in the nation . 

We should note at this point that the output-location quotient is a non
traditional location quotient . The use of the output-location quotient is 
necessary in this study s imply because employment location quot ients _ do not 
properly represent an adj ustment factor for certain industr ies . This is true 
because of the incompleteness of data on employment in certain industries or 
the simple non-existence of cer tain types of data needed to make the employ
ment-location quotient a workable tool for other industries (particular ly 
agriculture) . 

Direc t Coef f icients 

The obj ect ive of this study is to produce a table of direct coefficients 
for a region by adjust ing the national technical direct coeff ic ients from the 
1963 national s tudy . The U . S .  study used in this research consists of 35 2  
endogenous sector s plus 2 7  exogenous sectors including such things as house
hold , inventory-evaluation adjustment , net inventory change and government 
expenditures in addition to net exports  and imports ( 23) . 

Procedure for Adjustment 

Theor e t ically , the use of locat ion 
output coef fic ients can be j ustif ied by 
an area is not of average s ize , then it 
industries Ln terms of product inputs .  

quotients to adj ust the national input
the assumption that if an industry in 
cannot supply all of the needs of other 
The adjustment procedure using locat ion 
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quot ients as sumes tha t  the selling indus tries are able to supply a produc t to  
the buying industries i n  relation to their size . Their size in the study is 
determined by both the indus try ' s  employment and outpu t .  

The locat ion quo t ients , having once been computed , are used a s  adj us tment 
factors on a row-by-row basis to the nat ional table . Any location quotient 
which is  greater than 1 ind icates in the mos t basic terms that that indus try 
is  an export ing industry . That is , since it produces mor e ,  or employs mor e 
people than the average industry employs for the domestic locat ion in which 
it is  set , then the excess product is expor ted and it becomes a net expor t ing 
industry . For tho se industries which had a locat ion quo t ient greater than 1 ,  
we assumed that they continued t o  buy input products in a similar fashion to  
that of  the average indus try across the United State s ;  theref or e ,  any upward 
adju stment in the d irect coeffic ient s on the national table would indicate 
that that specific indus try is selling more of a product ,  percentage-wise , 
to  a region-specific indus try than that industry can use . This assumption , 
of c ours e ,  would be unreali s t ic .  Therefore , all location quotients which 
were greater than 1 were set to a c onstant factor of unity . Thi s  s ituation 
means that the selling industry , with a location quo tient of unit y ,  provides 
no more or no less than the products needed as input s to other industries . 

Data Limitations and Locat ion-Quo t i ent Computation 

In trying to gather data to compute the needed lo cat ion quotients for 
352 endogenous sec tors , the obvious conc lusion is that the finer the break
out of the sub-industries of any maj or indus try ,  the more l imited the data . 
For exampl e ,  excellent wage- and salary-employment s ta tistics are available 
for a complete year at the two-d igit SIC c ode level for all manufactur ing 
industries . However , when the indus tries are disaggregated to a basic four
digit SIC code level , then the da ta becomes harder to obtain . Those employ
ment data wh ich are ava ilable at the four-d igit SIC code level are published 
only onc e a year f or the first quarter of the year . Therefore ,  when comput
ing the employment locat ion quotients , use of year-round data at  the four
digit SIC code level was impossible , and only f irst-quarter information was 
used . 

This  s itua t ion c ou ld lead to a problem : the first quarter may no t be 
representa tive of the employment in the industry , since (1)  the industry may 
expand or contract throughout the year and the level in the first quart er 
is not the average for the year and ( 2 )  many industries are beset with 
seasonal empl oyment and the f ir s t  quar ter nationwide is normally the slowest 
quarter of  the year . Therefore , empl oyment in the first quarter in many cases 
would no t be representative of the total year because of seasonal f luc tuat ion . 

To eliminate part of the problem of using f irst-quarter data , the 1960 
firs t-quarter data could be averaged with the 1961 data t o  produce a figure 
which probably would be c loser to the 1960 average than that produc ed by us ing 
the first-quar ter data . However , since this procedure would involve averaging 
two quarters from the same t ime of the year ,  no adj ustment would be mad e for 
s easonal f luc tuat ion . The effor t  in making such an averaging adj ustment 
appeared to be a fruitless task s ince in computation of the location quotients  
b y  both method s ,  very litt le  difference occurs in  the result s . This fac t can 
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be a �ounted f or because a region in most ca ses would experience the same 
fbc tuat ions in employment for any specif ic industry tha t  the na tion would 
in the very shor t run . Therefore , it was decided that the use of f irst
quar ter data f or 1960 would be as relevant to the situat ion as the average 
of the first  quarters of 1960 and 1961 .  The emp loyment-loca t ion quotients 
were there fore applied to all of the manufac turing sectors . 

While it would have been preferable to use employment-location quot ient s  
for a l l  sectors defined in the nat ional table , such a p lan was not pos s ib le 
c ons ider ing the limitat ions of the data . For example , very little information 
is ava ilable on emp loyment in the agr icultural sector for the sub- indus try 
ca tegories listed on the nat ional table . A f igure for employment in all 
agr iculture , of c our se , is  available (24) . However , wnen trying to locate 
employment in dairy farms , or for poultry and egg produc tion , or in meat 
anima l and miscellaneous livestock product s ,  or in cot ton , e t c . , the task 
is highly d ifficult if not imposs ible . Furthermore , if f igur es can be lo
ca ted , there is no guarantee that those figures are inclusive of t he total 
employment in tha t  industry , s ince many of the produc t ion uni t s  in the agri
cultural industry are nothing more than "ma and pa" operations , with employ
ment of the proprietor rarely counted in the employment s tatistics a t  the 
sub-indus try leve l .  Therefore ,  after careful examinat ion of the problems 
inv olved in try ing to  use employmen t-locat ion quot ients for the agricultural 
sec tor , a decision was made to use a non-trad i tional locat ion quotient which 
we have called an outpu t-location quo t ient (as explained in the foregoing 
sec t ion of this paper ) . 

- AGGREGATION OF THE NATIONAL TABLE 

While the obj ective of this study is  to produce a nonsurvey input-output 
t able , the overall result of the s tudy can be said to inc lude a comparison of 
the nonsur 'ey table with a survey data table for New Mexico of  1960 . The 1960 
New Mexico table contained 42 endogenous sector s (2) . In order to make such 
a comparis •n , the 3 5 2  endogenous sectors in the national table must be aggre
gated to t te 42 sec tor level . Note tha t  2 92 of the 3 5 2  sectors are specific 
to manufac .ur ing ba s ically a t  the four-d ig it SIC code level . Therefore , the 
manufactur cng port ion of the table makes up nearly 83 percent of the total 
sectors  de ' ined in the nat ional table . While aggregat ion is necessary due 
to the obj ?ctive of the s tudy , it should also be des irable for any reg ion 
which coul l be def ined below the national level because a high probab ility 
exists  tha c something less than the 292 def ined manufacturing sec tors exi s t  
i n  tha t  region . This premise is particularly true in New Mexico with i t s  
small manu fac�ur ing sector tha t  comprised approximately 7 percent  o f  t ot al 
wage and salary employment in 1960 (33) . 

The a �gregat ion process  could have been accomplished us ing several means . 
F i rs t , a s Lmple averaging of the coeff icients for each by add ing together each 
o f  the nat Lonal sec tors into its respective New Mexico secto r , and then d ivid
ing by the number of sectors includ ed . Obviously , this is a naive approach .  
Second ly , the sec tors could have been averaged b y  weight ing them as t o  their 
emp loyment , which was apparently done in previous re search (Shaf fer , etc . )  
us ing the Locat ion-quo tien t method (13 , 14 ) . However , a third method exists  
which appe 1red to  be  better . Estimated output for  each of the ident if ied 
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nat ional sectors was computed and thes e sectors were weighted by their out
put . Obvious ly , one of the effects of this method would be the same as us ing 
employment as a weight -- that is , to give the larger indus tries in the state 
more influence in the determination of the direct coeff icients than the 
smaller industries when two or more industries of unequal size are aggregated 
together . However , the third me thod did something more than the aggregat ion 
by employment size was able to accomplish.  The aggregat ion by volume of out 
put accounted for varying levels of produc tivity which exist from industry 
to industry . For those indus tries which had been adj us ted by output lo cat ion 
quot ients the output f igures already exis ted for the aggregat ion process . 

For other industries which had been adj usted by employment-locat ion 
quot ients , estimat ing output in 1960 was necessary .  Luckily , output data 
for 1958 and 1963 existed from the various detailed Censuses of Manufactur-
ing , Bus iness , et c .  for those industr ies which had been adj usted by employmen t
location quo tients (26) . Therefore , the procedure was to  arrive at an estima t e d  
level of output per emp loyee (product ivity) using a weighted average for the 
two data years . That output per emp loyee is applied to the number of 
employees to get an estimated total output for that industry or sub-industry 
in 1960 . Where poss ible , the level of product ivity was specific to that 
Stat e .  However , some sub-industries were so small that no inf ormat ion on a 
state level was given in the var ious censuses . Therefore , produc t ivity at 
the regional or nat ional level had to be used . 

The question arose as to how productivity at the nat ional level compares 
with product ivity for the individual s tates . In order to determine whether 
or not nat ional produc tivity would be valid measure of  local productivity , 
a random sample of f ive indus tries was chosen and an ana1ysis was completed 
with from 10 to  20 observat ions , by state.  The results of  this analysis 
showed that the variation in produc t ivity was negligible in the five indus
tries among the states tested . Therefore , based on this random select ion 
o f  f ive indus tries , we concluded that nat ional product ivity was a valid 
alt ernative to statewide produc tivity when necessary for use in computing 
estimated output . 

COMPARISON 

In this port ion of the study , a descrip t ion of the comparison between 
the 1960 survey-based table and the 1960 non-survey tab le is given . This 
comparison was performed with 39 and not 42 co lumns . Three sectors from 
the survey-based 1960 New Mexico table had to be deleted as they were de
f ined differently in the non- survey tabl e .  A comparison test was performed 
tha t  was simi lar to the test descr ibed by Shaffer and Chu in their ar ticle 
on non-survey based input-output techniques (14 ) . 

To test the accuracy of the non-survey table , x2 was compu ted for each 
column in the direct requirements table , taking as the true values the tech
nical coefficients from the survey-based 1960 New Mexico Input-Output Table 
published by the UNM Bureau of Bus iness Research . Two ccmparisons were made 
between the survey-based table and the direct requirements t able wi th function 
weights :  (1)  a non-survey table aggregated without the use of locat ion quo
tients to the 1960 survey-based table ; and (2 )  a direct requirements table 
with both func t ion weights and location quot ients to the 1960 survey-based 
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table . The null hypothes is was that the non-survey technique would yield 
direct requirements coeff icients which were the same as those in the survey
based table . An evaluation was made of the results of the tests at the 95 
percent level with 38 degrees of freedom. The results of the tests were as 
follows : for the direct requirements table without locat ion quotients the 
x 2 statistic in 22 of 39 columns was in the rej ection interval , 1 indicating 
that function weights alone are not enough to produce reasonable accuracy . 
However , for the table with the locat ion quotients , the x2 statistic was in 
the rej ection interval in only 8 of the 39 columns . This figure indicates 
that the locat ion-quotient method produces results that are reasonably close 
to the 1960 survey value . 

CONCLUSION 

In the introduction we stated that two questions were to be answered 
in this study : (1)  can the table be constructed with available data and 
techniques ?  and (2)  how does the table compare with a full survey-based 
table ? 

First , a non-survey based table obviously can be constructed in the 
manner by which it was accomplished in this proj ect . The methodology in 
this study was considerably more time consuming and difficult than the 
location-quotients adj ustment procedure described in the recent literature 
(9 , 11,  13 , 14) . The procedure of adj us ting coefficients previous to aggre
gation should be more accurate . Unfortunately , the study cannot attest to 
a difference in accuracy ; however , obtaining data for the 352  endogenous 
sectors l isted in the nat ional input-output tables of 1963 and 1967 is 
more detailed and difficult than locating data for the more highly aggre
gated sectors , such as those appearing in the New Mexico and Washington 
state tables ( 1 ,  3 ,  4) . 

The advantage of the lower-cost non-survey technique is significant . 
Compared with a survey-based table , the total time involved in producing 
a non-survey based tab le is minimal . (A 1972 New Mexico non-survey table 
was produced in f ive weeks using this technique . The cost  was less than 
$5 , 000) . 

The comparison of the locat ion-quotient adj usted non-survey based table 
with the full survey table showed that some columns were signif icantly 
different . However , analysis of the columns which varied s ignificantly in 
the two tables indicates that certain maj or sectors accounted for a large 
por tion of that variation . For example , five of the six sub-sectors in 
agriculture showed s ignificant variation , and one of the s ix sub-sectors 
of the mining indus try varied significantly . Both of these maj or sectors 
were adj usted by output-location quotients and since the mining sector 

1 x 2
, 05 with 38 d . f .  was computed according to the formula : 

x2 
a 

2 
"" n (1  - -9 + Z n a .L )  3 9n where n • 38 and Za • 1 . 645 . 

(Za is the normal deviate at the 95 percent level . )  
Thus x2

• 05 • 53 . 380.  
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x2 Value Without x2 Value With 
Column Locat ion Quotient Locat ion Quot ient 
Number Industry Adj ustment Adjus tment 

1 Meat Animals 1837 . 86908 1836 . 52435 
2 Dairy Products 3 . 91990 1. 98851 
3 Feed Grains 121 . 61327 110 . 09386 
4 Cotton 68 . 22235 63 . 40295 
5 Other Farm Product s  79 . 11645 66 . 5 2820 
6 Agricultural Services 1500 . 84171 535 . 16665 
7 Copper Mining 15 6 . 29900 18 . 90447 
8 Non-ferrous Ores Mining 126 . 60604 11 . 98700 
9 Crude Oil & Petroleum 19 . 60852 11 . 60208 

10 New Construc tion , Other 569 . 80825 7 0 . 58260 
11 Chemical Mining 9 . 83117 0 . 80598 
12 Coal , Stone & Clay Mining & Quarrying 157 . 44106 15 . 11602 
13 Meat Products , Processed 334 . 29984 54 . 75327 
14 Dairy Products , Processed 64 . 18916 0. 17410 
15 Gra in Mill & Baked Products 466 . 76550 8 . 19718 
16 Miscellaneous Food Products 107 . 07334 3 . 11619 
17 Lumber , Wood & Furniture 56 . 70250 9 . 85470 
18 Printing & Publishing 1155 . 28348 11 . 25779  
19 Chemicals , Plas tics & Rubber 94 . 98391 11 . 31261 
20 Petroleum Refining 29 . 28434 0. 92766 
2 1  Concrete & Stone Products 10 . 50268 2 . 07352 
22 Electrical Equipment & Machinery 9 5 . 06541 0 . 28200 
23  Fabricated Metal Products 613 . 84833 0 . 25926 
24 Miscellaneous Manufacturing 15 3 . 26054 0 . 92913 
25 Railroads 2 0 . 06416 3 . 00616 
2 6  Other Transportat ion 7 . 69775  o .  51413 
2 7  Gas & Oil Pipelines 17 . 40511 15 . 08370 
28 Communications 11 . 00637 6 . 57453 
29  Electric & Water Utilities 3 9 . 57436 2 . 812 52 
30 Gas Utilities 3321 . 07094 332 0 .  87176 
31  Wholesale Trade 2 1 .  68048 4 . 12142 
32 Retail Trade 4 . 84526 0 . 13118 
33  Finance & Insurance 2 . 7 7826 o. 67102 
34 Real Estate 4 . 20676 1 . 98422 
35 Hotels & Motels 3 . 75628 0. 28428 
3 6  Personal Services 69 . 65323 1 . 18209 
37 Business Services 1 . 58041 0 . 22846 
38 Auto Repair 340 . 81264 1 . 46602 
39 Medical & Educational 28 . 18200 0 . 15089 
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fared well in the test there is no reason to believe that the output-locat ion 
quot ient adj ustment accounted for the variation in agriculture . Therefore , 
concerning agriculture and mining , s ix  of the twelve columns varied signif i
cantly between the two tables . These columns account for three quarters of 
the total columns which had x2 in the unacceptable range .  

In manufacturing , only one column showed significant variation between 
the two tables . This column was meat packing (closely related to the agri
cultural sector) . This x2 (54 . 75) could be said to be in a marginal range 
of acceptance . The gas-utilities column had the larges t x2 of any of the 
columns . The variation in the gas-ut ilities column could be expected since 
the gas-utilities in New Mexico are d ifferent in activity compared with the 
national average . The New Mexico gas utilities are both producers and dis
tributors and therefore the national coefficients should not and do not 
reflect this vertical integration. 

Considering these results , we believe that the non-survey based t echnique 
used to build a 1960 table for New Mexico is an acceptable procedure and gives 
valid results in a maj ority of the columns . For those columns that have x 2 
significantly different from the survey-based 1960 table , most problems occur 
in the one sector (agriculture) for which data is very limited . 
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Year 

1970 

1975 

1976 
1977 
1978 
1979 
1980  

198 1C 
1982 
1983 
1984 
198 5 

1986  
1987 
1988 
1989 
1990  

1995d 

2000  

2010 

Table M- 1 .  Population Est imates and Proj ections : WIPP Scenar io Ia 

Eddy 
County 

(99 % ,  90 % )  b 

4 1 , 119 

42 , 90 0  

45 , 300 
46 , 2 0 0  
47 , 300 
48 , 2 0 0  
49 , 4 25 

so , 780 
53 , 4 30 
54 , 120 
53 , 8 80 
54 , 43 0  

55 , 950  
57 , 3 4 0  
5 8  I 7 50 
60 , 150 
6 1 , 550 

6 5 , 2 5 0  

6 9 , 2 50 

73 , 15 0  

Car lsbad 
( 88 % ,  8 0 % )  b 

2 1 , 2 97 

NA 

25 , 500 
26 , 60 0  
27 , 9 00 
28 , 60 0  
2 9 , 6 00 

30 , 710 
3 2 , 9 30 
33 , 48 0  
3 3 , 170 
3 3 , 36 0  

3 4  I 360 
35 , 2 3 0  
36 I 140 
36 , 940  
37 , 8 40 

40 , 040  

4 2 , 540 

44 , 940  

Car lsbad 
School 

D istr ict 
( 93% , 8 5 % ) b 

25 , 4 98 

NA 

29 I 3QQ 
30 , 40 0  
31, 6 0 0  
32 , 40 0  
33 , 410 

34 , 64 0  
37 , 020  
37  , 69 0  
37 , 320 
37 , 59 0  

38 , 70 0  
39 , 680  
40 , 69 0  
41 , 590  
4 2 ,  590  

45 , 09 0  

47 , 89 0  

50 , 59 0  

Loving 
( 6 % ,  3 % ) b 

1 , 19 2  

1 , 40 0  

1 , 450 
1 , 50 0  
1 , 550 
1 , 60 0  
1 , 66 0  

1 , 68 0  
1 , 79 0  
1 , 8 0 0  
1 , 79 0  
1 , 8 30 

1 , 8 40 
1 , 9 0 0  
1 , 9 50 
2 , 0 0 0  
2 , 050 

2 , 15 0  

2 , 300  

2 , 45 0  

Loving 
School 

Distr ict 
( 6 % , 3 % )  b 

1 , 350 

NA 

1 , 6 0 0  
1 , 6 50 
1 , 70 0  
1 , 75 0  
1 , 8 10 

1 , 8 30 
1 , 9 4 0  
1 , 9 5 0  
1 , 9 4 0  
1 , 9 8 0  

1 , 9 9 0  
2 , 0 5 0  
2 , 10 0  
2 , 15 0  
2 , 20 0  

2 , 3 0 0  

2 , 500  

2 , 60 0  

Lea 
County 

(1% , 10 % ) b 

49 , 554 

51 , 60 0  

53 , 10 0  
55 , 10 0  
56 , 300 
57 , 50 0  
58 , 7 10 

6 0 , 0 30  
6 1 , 28 0  
6 2 , 6 20 
6 3 , 8 70  
6 5 , 230  

6 6 , 5 40  
67 , 7 40  
68 , 850  
6 9 , 9 50 
70 , 9 50 

75 , 15 0  

79 , 050  

88 , 150 

a1n scenar io I ,  the d irect impac t of the WIPP ( constr uction 
is a ssumed to be d i s tr i buted as follows : Car lsbad , 8 8 % 1  Loving , 
County , 5% 1 Lea County , 1% . The indirect impact is distr ibuted 
bad, 80 % 1  Loving , 3%1  rest of Eddy County , 7%;  Lea County , 10% . 
Lar r y Adcock and Assoc iate s ;  NA = not ava ilable . 

and oper ation ) 
6 % ;  rest of Eddy 
as follows : Car ls-

Data computed by 

°'l'he percentages g iven in parenthe ses are the direct and ind irect populat ion 
mig ration ,  respec tively , resulting f rom the WIPP . Percentages may vary because 
of round ing . 

cconstr uc tion of the WIPP assumed to beg in in 198 0 . All impacts assumed to 
be static after 1987 . 

dproj ec tions for years beyond 1995 assume continued act iv ity in the oil and 
gas i ndustry at a stable but constant leve l .  Present production levels measured 
aga inst proved oil and gas re serves and recovery rate s ind icate that activity 
could decr ease before 1 9 9 0 . However , secondary and tertiary (oil only) recovery 
procedures could prolong ac tivity beyond the year 2010 . 
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Year 

1970  

19 7 5  
1976  
1977 
1978 
197 9 
1 9 8 0  

19 8 1C 
1 9 8 2  
198 3 
1984  
1985 

1986 
1987 
1988 
1989 
199od 

1 9 9 5  

2 0 0 0  

2 0 10 

Table M- 2 .  Populat ion Est imate s and Projections : WIPP Scenar io Il a 

Eddy 
County 
( 58 % )  b 

4 1 , 119 

42 , 900 
45 , 300 
46 , 2 0 0  
47 ' 300 
48 , 2 00 
49 , 370 

50 , 550 
52,  7 10 
53 , 30 0  
53 , 5 10 
54 , 18 0  

55 , 6 20 
56 ' 970  
58 , 380  
59  ' 78 0  
6 1 , 180  

64 , 8 8 0  

68 , 88 0  

7 2 , 780 

Car lsbad 
( 54 % )  b 

2 1 , 297  

NA 
25 , 500 
26 ' 60 0  
27 , 9 00 
28 , 60 0  
29 , 560 

30 , 53 0  
3 2 , 330  
32 , 8 10 
3 2 , 8 70 
33 , 160  

34 , 08 0  
34 , 9 30  
35 , 8 40 
36 , 64 0  
3 7  ' 54 0  

39 , 740 

41 , 2 40 

44 , 640 

Remai nder 
of Eddy 

County 
( 4 % )  b 

19 , 8 22 

NA 
19 , 8 00 
19 , 60 0  
19 , 400  
19 , 60 0  
19 , 800  

20 , 0 2 0  
20 , 3 8 0  
20 , 4 9 0  
20 , 640 
2 1 , 010 

2 1 , 540 
2 2 , 0 4 0  
2 2 , 540 
23 , 1 4 0  
23 , 64 0  

25 , 14 0  

26 , 64 0  

28 ' 140 

Lea 
County 
( 42 % )  b 

49 , 5 5 4  

51 , 60 0  
53 , 100 
5 5 , 10 0  
56 , 3 00 
57 , 50 0  
58 , 7 50 

60 , 2 50 
6 2 , 000 
6 3 , 4 4 0  
64 , 2 40 
6 5 , 48 0  

66 , 8 70 
68 , 110 
69 , 220  
70 , 3 2 0  
7 1 , 320  

75 , 520  

79 , 4 2 0  

88 , 520  

Hobbs 
(36 % )  b 

26 , 0 2 5  

NA 
29 , 600  
30 , 550  
3 1 , 6 50 
32 , 60 0  
3 3 , 49 0  

34 , 6 20 
35  '9  40 
37 , 0 0 0  
37 , 530  
38 , 3 9 0  

39 , 22 0  
39 , 9 5 0  
40 , 6 10 
4 1 , 26 0  
4 1 , 86 0  

44 , 3 10 

46 , 560  

5 1 , 9 10 

Rema inder 
of Lea 
County 

( 6 % )  b 

23 , 529  

NA 
23 , 50 0  
24 , 550  
24 , 6 50 
24 , 900  
25 , 260 

25 , 6 30 
26 , 06 0  
26 , 4 4 0  
2 6  ' 7 10 
27 , 0 9 0  

27 , 6 50 
28 , 16 0  
28 , 6 10 
29 , 0 60  
29 , 4 60  

31 , 2 10 

3 2  , 86 0  

3 6  , 6 10 

Hobbs 
School 

Distr ict 
( 3 9 % ) b 

29 , 8 5 8  

3 3 , 3 0 0  
35 , 60 0  
3 6 , 900  
3 7 , 400  
37 , 9 50 
37 , 600  

38 , 79 0  
39 , 20 0  
4 1 , 320  
4 1 , 8 6 0  
4 2 , 760  

43 , 70 0  
4 4 , 5 3 0  
45 , 240 
4 5 , 960  
46 , 6 4 0  

49 , 3 9 0  

5 1 , 8 9 0  

57 , 8 4 0  

arn scenar io II , the distr ibut ion o f  direct and ind irect impac ts i s  
assumed to be a s  follows : Car lsbad , 5 4 % : rest o f  Eddy County, 4 % :  Hobbs , 
36 % :  rest of Lea County , 6 % .  NA = not ava ilable . 

b.rhe per centages g iven in parenthe ses ar e the gross populat ion migra
tion resulting f rom the WI PP p roj ec t .  Percentages may vary becau se of 
round ing . 

cconstr uction of the WIPP assumed to beg in in 198 0 . All impacts as
sumed to be stat ic after 1 9 87 . 

dpro j ec tions for years  beyond 1 9 9 5  assume cont inued ac tivity in the 
o il and gas i ndu str y  at a stable but constant leve l .  Present product ion 
leve ls mea sured aga inst proved oil and gas reser ves and recovery rates in
d i cate that ac tivity could decr ease before 1990 . However , secondary and 
tert iar y  (oil on ly ) recovery procedures could prolong activity beyond the 
year 2 0 10 . 
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N 
NNE 
NE 
ENE 

E 
ESE 
SE 
SSE 

s 
SSW 
SW 
WSW 

w 
WNW 
NW 
NNW 

Table M- 3 .  1980 Resident Population Wi thin 5 0  Miles of the 
WI PP S i te (Max imum Impact--Scenar ios I and I I )  

Sector 0-5 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

Miles from site 
5-10 10-20 20-30 30-40 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
10 

0 
0 

3 5  
2 5  

0 
10 

5 
5 
5 
0 

5 
5 

55 
1 , 8 10 

70 
5 

30 
15 

25 
5 

25 
70  

15  
10 
2 0  
2 5  

1 5  
3 0  
3 0  

2 0 0  

32 , 66 0  
190  

2 0  
5 

17 5 
55 
75  

2 0 5  

3 , 2 9 0  
3 , 080  

2 0  
1 0  

50 
95 
10 
50 

40  
55 
65 

220  

40-50  

2 5  
5 , 6 90 
8 , 78 5  

34 , 10 0  

160 
270 

30 
40 

15 
15 
40 
6 5  

3 0  
4 0  

12 , 26 0  
10 

Rad ius total 
Cumulative total 

6 
6 

15 
21 

2 , 08 0  
2 , 10 0  

33 , 3 4 5  
3 5 , 445  

7 , 4 9 5  
42 , 9 40 

6 1 , 57 5  
104 , 515 

Tota l 

260 
5 , 7 7 5  
8 , 88 5  

34 , 3 8 5  

3 , 4 7 0  
3 , 36 5  

75  
75  

85  
150 
14 0 

2 , 125  

32 , 8 0 0  
3 0 0  

12 , 37 5  
250  

104 , 5 15 

Note : See Tables M- 1  and M-2 for a descr iption of the distr ibution of 
d i r ect and i nd i rect impac ts assoc iated with scenar i os I and I I . 

Population allocations into the var ious geograph ic sector s have been based 
on the max imum impact of both scenar ios I and I I .  Th is procedure leads to 
some double counti ng in a few ar eas ,  but increases the populat ion count by a 
max imum of only 0 . 3% ( approx imately 400 people )  in the overall area .  
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N 
NNE 
NE 
ENE 

E 
ESE 
SE 
SSE 

s 
SSW 
SW 
WSW 

w 
WNW 
ri 
NNW 

Table M- 4 .  1990 Resident Populat ion Wi thin SO Miles of the WIPP 
S i te (Max imum Impac t--Scenar ios I and I I )  

Sector o-s 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

Miles from site 
s-10 10-20 20-30 30-40 

0 30 
0 20 
0 0 
0 10 

0 s 
0 s 
0 s 
0 0 

0 s 
0 s 
s so 
0 2 , 24S 

0 6S 
10 s 

0 30 
0 lS 

20 
s 

20 
6S 

lS 
10 
lS 
2S 

lS 
30 
lS 

17S 

41 , 14 S  
18S 

20 
s 

160 
so 
6S 

18S 

3 , 84 0  
3 , S9S 

20 
10 

4S 
100 

10 
so 

40 
so 
60 

23S 

40-SO 

20 
6 , 6 40 

10 , 860 
4 2 , 62S 

140 
2SS 

2S 
40 

lS 
lS 
40 
6S 

3S 
4S  

1S , 97S 
10 

Total 

230 
6 , 7 1S 

10 , 94S 
4 2 , 88S 

4 , 000 
3 , 86 S  

6S 
7S 

80 
lSS 
120 

2 , S3 S  

41 , 28S 
29S 

16 , 08 S  
26S 

Rad ius total 
Cumulative total 

6 
6 

lS 2 , 49S 
21 2 , SlS 

4 1 ,  76S 
44 , 2 80 

8 , SlS 
S 2 , 79S 

76 , 80 S  
12 9 , 600  

12 9 , 600 

Note : See Tables M-1 and M-2 for a de scr ipt ion of the distr ibution of 
d i r ect and indirect impacts a ssoc iated with s cenar ios I and I I .  

Population allocat ions into the var ious geographic sector s have been based 
on the maximum impact of both scenar ios I and I I .  Th is procedure leads to 
some double counting in a few ar eas , but increases the population count by a 
max imum of only 0 . 3% (approximately 4 00 people) in the overall area . 

M-4 



N 
NNE 
NE 
ENE 

E 
ESE 
SE 
SSE 

s 
SSW 
SW 
WSW 

w 
WNW 
NW 
NNW 

Table M- 5 .  2000  Re sident Populat ion Wi thin 50 Miles of the WI PP 
S i te (Max imum Impact--Scenar ios I and II )  

Sector 0-5 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

Miles from site 
5-10 10-20 20-30 30-40 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
10 

0 
0 

30 
20 

0 
10 

5 
5 
5 
5 

5 
5 

60 
2 , 545 

75 
5 

30 
15 

20 
5 

20 
60 

15 
10 
15 
20 

15 
30 
15 

195 

46 , 225 
205 

20 
5 

150 
45 
60 

175 

4 , 080  
3 , 8 90 

15 
10 

45 
100 

10 
50 

40 
60 
70 

260 

40-50 

20 
7 , 385 

12 , 070  
47 I 335 

13 5 
240 

25 
35  

15  
15  
50  
70 

35 
50 

14 , 915 
5 

Rad ius total 
Cumulative total 

6 
6 

15 
21 

2 , 820  
2 , 840 

46 , 87 5  
4 9 , 715 

9 , 060 ' 
58 , 775 

82 , 40 0  
14 1 , 175 

Total 

220 
7 , 455 

12 , 150 
47 , 580 

4 , 23 5  
4 , 145 

60 
70  

80 
155 
140 

2 , 860  

46 , 375  
330  

15 , 0 3 5  
2 8 5  

141 , 175 

Note : See Tables M- 1 and M- 2 for a descr iption of the distr ibution of 
di rect and i ndi rect impac ts associated with scenar i os I and I I .  

Populat ion allocat ions into the var ious geographic sector s have been based 
on the maximum impact of both scenar ios I and I I .  Th is procedure leads to 
some double count i ng i n  a few areas , but increases the populat ion count by a 
max imum of only 0 . 3% ( approximately 400 people ) in the overall area • 

• 
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Table M- 6 .  2 0 1 0  Re s i dent Popu lat ion Wi th in S O Miles of the WIPP 
S i te (Max imum Impac t--Scenar ios I and I I )  

Miles from site 
Sec tor 0 - S  S - 10 10- 20 20- 30 30-40 40-SO Total 

N 0 0 30 20  16 0 20 230 
NNE 0 0 2S s so  8 , 300 8 , 3 8 0  
NE 0 0 0 2 S  7 0  13 ' soo 1 3 ' S9S 
ENt 0 0 10 70  19S S 2 , 8SO S 3 , 12S  

E 0 0 s lS 4 , 6 0 S  1 3 S  4 , 760  
ESE 0 0 s 10 4 , 3 3 S  240 4 , S90  
SE 0 0 s 2 0  2 0  2 S  7 0  
SSE 0 0 0 20  10 3 S  6 S  

s 0 0 s lS 4S lS 80 
SSW 6 0 s 3 0 1 0 0  lS lSS 
SW 0 s 6 S  lS 10 so 14S  
WSW 0 0 2 , 6 4 S  2 0 S  SS 7S 2 , 98 0  

w 0 0 80  4 9 , 4 6 S  40 3S 49 , 620  
WNW 0 10 s 2 30 6 S  SS 3 6 S  
NW 0 0 3 0  20  7 S  lS ' 7 7 0  1S , 89 S  
NNW 0 0 lS s 2 7 S  s 3 0 0  

Rad ius total 6 lS 2 , 9 3 0  S 0 , 170 10 ' 110  9 1 , 1 2 S  1S4 , 3 SS 
Cumulative total 6 2 1  2 , 9 SO S 3 , 12 0  6 3 , 2 30  1S4 , 3 SS 

Note : See Tables M- 1 and M- 2 for a de scr iption of the distr ibut ion of 
direct and ind i rect impac ts assoc ia ted w i th scenar ios I and I I .  

Populat ion alloca t i ons into the va r ious geograph i c  sec tor s have been based 
on the max imum impact of both scenar i os I and I I .  Th is procedure leads to 
some double coun ting in  a few area s ,  but increases the populat ion count by a 
max imum of only 0 . 3% ( app rox imately 4 00 people) in the overall area . 



Table M-7 . Car l sbad Mun icipal Finances : Basel inea 

Revenue sou r ce  or expend iture 1980-81 198 1-82 1982-83 1 9 8 3 -8 4  1984-85 198 5-86 1986-87 19 87-88 1988-89 

REVENUES ( thousands of 197 9 dollars ) 

Cwn source 
Taxes 690 710 7 3 0  7 4 0  7 6 0  770 790 t lO 8 3 0  
Charges and miscellaneous 3 , 3 00 3 ,  4 10 3 , 5 0 0  3 , 5 6 0  3 , 6 40 3 , 7 2 lJ  3 , 8 10 3 , 9 0 0  4 , 0 0 0  

I ntergovernmental tr ansfer s 
State 2 , 96 0  3 , 0 5 0  3 , 1 20 3 , 1 7 0  3 , 2 3 0  3 , 2 90 3 , 37 0  3 , 4 5 0  3 , 54 0  
Federal 1 , 0 40 1 , 0 7 0  1 , 1 00 1 , 110 1 , 130 1 , 1 60 1 , 180 1 , 2 10 1 , 2 4 0  

:J: I 
Other 3 , 4 3 0  3 , 54 0  3 , 6 2 0  3 , 67 0  3 , 74 0  3 , 8 20 3 , 9 10 4 , 0 1 0  4 , 10 0  -.J 

--- --- ---

TOTAL 1 1 , 420 11,  780 1 2 , 0 6 0  1 2 , 260 12 , 500 1 2 , 760 lJ , 0 6 0  13 , 3 9 0  1 3 , 7 2 0  

EXPENDITURES ( thousands o f  197 9 dollar s)  

General government 1 , 1 90 1 , 2 30 1 , 260 1 , 2 80 1 , 3 00 1 , 3 3 0  1 , 3 6 0  1 , 3 90 1 , 4 3 0  
Public sa fety 1 , 530 1 , 580 1 , 6 1 0  1 , 6 4 0  1 , 670 1 , 70 0  1 , 7 4 0  1 , 790 1 , 8 3 0  
Public wor ks 7 , 8 90 4 , 14 0  4 ,  2 50 4 ,  3 30 4 , 4 30 4 , 520 4 , 6 3 0  4 , 7 50 4 , 8 6 0  
Heal th and we lfare 60 60 60 60 60 70 70 70 7 0  
Recrea tion and culture 760 780 800 8 10 8 3 0  8 50 870 8 9 0  9 1 0  
Debt service 760 8 10 8 1 0  810 9 0 0  8 0 0  6 2 0  6 2 0  6 2 0  

--- ---

TOTAL 1 2 , 210 8 , 6 10 8 , 8 0 0  8 , 9 4 0  9 , 1 90 9 , 2 7 0  9 , 2 9 0  9 , 510 9 , 7 3 0  

aoata compu ted by Lar ry Adcock and Associates . Deta il may not equal total because of round ing .  



Table M-8 . Car l sbad Municipal Finances :  Impact of the WIPP Proj ecta 

Revenue sour ce or expend iture 1 9 80-81 1 9 8 1-82 1 9 8 2-83 1 9 8 3 -84 1984-85 1 9 85-86 19 86-87 1987-88 1 98 8-8 9 

REVENUES ( thousands of 1979 dollar s ) 

Own source 
Taxes 6 22 39 34 2 0  1 6  1 8  19 2 0  
Charges and miscellaneous 38 130 211 162 81 74 90 94 95 

I ntergover nmental transfer s 
State 30 106 174 136 71 65 79 83 8 3  
Federal 5 18 2 9  2 3  12 11 13 14 1 4  3: I CD Other 20 70 114 90 46 4 3  5 2  5 4  55 

- -- -- -- -- -- -- -- --

TOTAL 99 3 46 567 445 2 31 209 2 51 2 6 5  2 6 6  

EXPENDITURES ( thousands of 1 9 7 9  dollar s) 

General government 12 43 70 55 28 26 32 33 3 4  
Public safety 16 55 90 7 1  37 34 41 43 43 
Public wor ks 47 161 262 200 99 90 109 115 116 
Heal th and we lfare 1 2 4 3 1 1 2 2 2 
Recreation and culture 8 27 45 35 18 17 20 21 2 1  

- -- -- -- -- -- -- -- --

TOTAL 8 3  288 4 70 3 6 3  184 169 2 0 4  2 1 4  2 1 6  

aoata computed by Lar ry Adcock and Associates . Deta il may not equal total because of rounding .  



Table M-9 .  Loving Mun icipal Finances : Basel inea 

Revenue source or expend iture 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars)  

O wn  source 
Taxes 18 18 19 19 20 20 20 21 21 

Charges and miscellaneous 162 165 168 170 176 178 181 186 191 

I ntergovernmental transfers 
S tate 46 46 47 48 49 50 51 52 53 

Federal 18 18 18 19 19 19 20 20 2 1  
3: Local 63 64 6 5  66 68 69 70 72 74 I ID - -- -- -- -- -

TOTAL 307 312 317 322 332 337 342 3 51 360 

EXPENDITURES ( thousands of 1979 dollar s) 

General government 35 36 36 37 38 38 39 40 4 1  

Public safety 77 78 79 80 82 84 85 87 89 

Public wor ks 165 169 172 175 180 183 1 86 191 196 

Heal th and we lfare 6 6 6 6 6 6 6 7 7 

Recreation and culture 11 11 11 11 11 12 12 12 12 

Debt service 20 21 22 23 24 25 26 28 29 

-- -- -- -- -- -- -- - --

TOTAL 314 320 326 332 342 348 354 364 375 

aData oomputed by Lar ry Adcock and Associates . Detail may not equal total because of rounding .  



Table M- 10 . Loving Municipal Finances :  Impact of the WIPP Projecta 

Revenue source or expend iture 1980-8 1 1981-82 1982-83 1983-84 1984-85 1 9 8 5-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars) 

O wn  source 
Taxes ( b) 1 1 1 ( b) ( b) 1 1 1 
Charges and miscellaneous 3 8 13 9 4 5 5 6 6 

Intergovernmental transfers 
Sta te 1 2 3 2 1 1 1 1 1 

:I: Federal ( b) 1 1 1 ( b) ( b) ( b) 1 1 
I Local 1 1 1 1 1 1 1 1 1 

I-' 
0 

TOTAL 5 12 19 14 7 7 8 9 9 

EXPENDITURES ( thousands of 1979 dollar s) 

General government 1 1 2 2 1 1 1 1 1 
Public safety 2 3 4 3 2 2 2 2 2 
Public wor ks 3 9 14 10 5 5 6 6 6 
Health and we lfare ( b) (b) ( b) ( b) ( b) ( b) (b) ( b) ( b) 
Recreation and culture ( b) (.b) ( b) ( b) ( b) ( b) ( b) ( b) ( b) 
Debt service ( b) ( b) ( b) 1 1 1 1 1 2 

- -- -

TOTAL 6 14 22 16 9 9 10 12 12 

aData compu ted by Lar ry Adcock and Associates .  
bLess than $50 0 .  

Deta il may not equal total because of rounding .  



Table M- 11 . Eddy County Finances : Basel inea 

Revenue source or expend iture 1 9 80-81 1 9 8 1-82 1982-83 1 9 83-84 1984-85 1985-86 1 9 86-87 1 987-88 1988-8 9 

REVENUES ( thousands of 1979 dollars) 

Own source 
Taxes 2 , 380 2 , 4 2 0  2 , 4 4 0  2 , 460 2 , 490 2 , 510 2 , 54 0  2 , 57 0  2 , 60 0  
Charges and misce llaneous 1 , 7 80 1 , 8 20 1 , 8 50 1 , 880 1 , 9 10 1 , 9 50 2 , 0 0 0  2 , 0 4 0  2 , 0 9 0  

I ntergovernmental transfers 
State 610 6 2 0  6 3 0  6 4 0  6 5 0  660 680 700 7 1 0  
Federal 870 890 9 10 9 20 940 9 6 0  980 1 , 0 0 0  1 , 0 3 0  :J: I ---

I-' TOTAL 5 , 64 0  5 , 7 50 5 , 84 0  5 , 90 0  5 , 980 6 , 080 6 , 190 6 , 3 1 0  6 , 4 4 0  I-' 

EXPENDITURES ( thousands of 1 9 7 9  dollars) 

General government 1 , 380 1 , 4 1 0  1 , 4 4 0  1 , 4 6 0  1 , 480 1 , 510 1 , 550 1 , 59 0  1 , 6 2 0  
Public saf ety 780 7 90 8 10 820 830 850 870 890 9 1 0  
Publ ic wor ks 1 , 820 1 , 86 0  1 , 890 1 , 9 2 0  1 , 950 1 , 990 2 , 04 0  2 , 0 9 0  2 , 14 0  
Heal th and welfare 3 80 3 90 4 00 4 00 4 10 4 20 4 3 0  4 4 0  4 5 0  
Recreation and culture 100 110 110 110 110 110 120 120 120 

--- --- ---

TOTAL 4 , 4 60 4 , 570 4 , 6 50 4 , 700 4 , 780 4 , 880 5 , 00 0  5 , 120 5 , 2 5 0  

aoata computed by Lar ry Adcock and Associates . Deta i l  may not equal total because of round i ng .  



Table M- 12 . Eddy County Finances :  Impact of the WIPP Proj ecta 

Revenue sou r ce or expend i t ure 1 9 80-81 1 9 8 1- 8 2  198 2-83 1 983 -84 1 9 84-85 1985-86 1986 -87 1987-88 1 9 8 8 - 8 9  

REVENUES ( tho usands of 1 9 7 9  dol l a r s )  

O wn  sou r ce 
Taxes 4 20 40 44 28 18 19 2 1  2 2  
C har ges and m i scellaneous 6 20 3 2  25 13 12 14 15 15 

I ntergove r nmen t a l  tr ansfers 

S ta te 4 15 24 1 9  1 0  9 11 11 12 

::;:: Federal 6 20 3 3  26 13 12 15 16 16 
I I-' 

TOTAL 20 74 129 113 64 51 59 6 4  6 4  N 

EXPENDITURES ( t housands of 1 9 7 9  dollar s )  

Gener a l  gove r nmen t 10 33 55 43 22 20 25 26 26 
Public saf ety 5 19 31 24 12 12 14 15 1 5  
Publ i c  wor k s  12 44 72 57 29 27 3 3  3 4  3 4  
Heal th and we l f are 3 9 1 5  1 2  6 6 7 7 7 
Rec reat i on and c u l t u r e  1 2 4 3 2 2 2 2 2 

-- -- -- -- -- -- -- -- -

TOTAL 3 1  108 177 1 3 9  7 2  66 80 84 8 5  

3Data a:>mpu ted by Lar r y  Adcock and Assoc i ates . Det a i l  may not equal total beca use of round i ng .  



Table M-13 . Hobbs Mun icipal Finances :  Baselinea 

. 

Revenue sou r ce or expend i t u re 1980-81 1 9 8 1-82 1982-83 1 983-84 1984-85 1985-86 1986-87 19 87-88 1988-89 

REVENUES ( t housand s of 1979 dolla r s )  

O wn  sour ce 
Taxes 1 , 110 1 , 140 1 , 180 1 , 2 10 1 , 250 1 , 2 8 0  1 , 3 1 0  1 , 3 3 0  1 , 3 50 
Charges and m i s ce l laneous 4 , 070 4 , 190 4 ,  3 10 4 , 4 40 4 , 560 4 , 6 80 4 , 7 60 4 , 8 4 0  4 , 8 90 

I ntergover nmen ta l tr a n s f e r s  

S tate 5 , 1 90 5 , 3 3 0  5 , 47 0  5 , 6 1 0  5 , 76 0  5 , 900 6 , 0 10 6 ,  110 6 , 1 7 0  
Federal 1 , 2 20 1 , 2 50 1 , 280 1 , 320 1,  3 50 1 , 380 1, 4 10 1 , 4 30 1 , 4 4 0  

:!: I 
TOTA Lb ..... 11 , 590 11 , 9 20 12 , 2 4 0  12 , 580 12 , 9 30 13 , 2 4 0  13 , 4 90 13 , 720 13 , 86 0  w 

EXPEND ITURES ( thousands of 1979 dolla r s )  

General gover nment 1 , 810 1 , 86 0  1 , 9 10 1 , 960 2 , 010 2 , 06 0  2 , 100 2 , 14 0  2 , 16 0  
Public sa f e ty 2 , 3 20 2 , 3 80 2 , 4 50 2 , 510 2 , 580 2 , 6 4 0  2 , 690 2 , 7 4 0  2 , 7 6 0  
Pub l i c  wor k s  3 , 58 0  3 , 590 3 , 80 0  3 , 9 20 4 , 04 0  4 , 140 4 , 2 20 4 , 2 90 4 , 3 3 0  
Hea l th and we l f a re 600 6 10 6 3 0  6 4 0  6 6 0  6 80 6 90 700 7 10 
Recreat ion and cu l tu r e  7 10 7 3 0  7 5 0  7 7 0  790 810 820 8 4 0  8 4 0  
Debt serv i ce 670 670 570 670 670 670 670 670 6 50 

TOTALb 9 , 690 9 , 950 10 , 2 00 ' l0 , 470 10 , 7 50 10 , 99 0  1 1 , 180 1 1 , 360 11 , 450 

aData compu ted by Lar r y  Adcock a n d  Assoc i a te s .  Deta i l  may not equal total because of round i ng .  
bTotal i nc ludes approximately $4000 i n  t r a n s f e r s  not class i f i ed as Sta te or Federa l . 



Table M- 14 . Hobbs Mun icipal Finance s :  Impact of the WIPP Proj ecta 

Revenue sour ce or e xpend iture 1 9 80-8 1 198 1-8 2 198 2-83 1983-84 1 9 8 4 -8 5  19 85-86 1 9 86 -87 1987-88 1988-89 

REVENUES ( thousands of 1979 dol lar s )  

O wn  sour ce 
Taxes 3 13 23 2 1  12 9 11 12 1 2  
Char ges and m i s ce llaneous 17 60 97 75 38 35 42 44 4 4  

I nter governmental tr ansf er s  

S tate 20 6 9  1 1 4  9 0  4 7 4 3  51 54 55 
Federal 4 1 5  2 4  19 10 9 11 1 2  1 2  

� I - -- -- -- -- -- -- -- --

I-' 
.t> 

TOTAL 4 5  157 2 5 9 206 108 96 1 1 5  1 2 2  1 2 2  

EXPENDITURES ( thousands o f  1 9 7 9  dol l a r s )  

Gene r a l  gover nment 7 2 4  4 0  3 2  16 15 18 1 9  1 9  
Pub l ic saf ety 9 31 51 40 21 19 23 24 24 
Publ i c  wor ks 16 5 5  8 9  € 9  3 4  3 1  37 3 9  4 0 
Heal th and we lfare 2 s 13 10 5 5 6 € E 
Recreat i on and cu l ture 3 9 16 12 E 6 7 7 7 

- -- -- -- -- -- -- -- --

TOTAL 37 1 2 8  2 0 9  1 6 3  8 4  7 6  9 1  9 6  9 7  

anata compu ted by Lar r y  Adcock and Assoc i ates . Deta i l  may not equa l total beca use of round i ng .  



Table M-15 . Lea County Finances :  Basel inea 

Revenue source or expend iture 1 9 80-81 1981-82 198 2-83 198 3-84 1 9 84-85 1 9 8 5-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars) 

Own source 
Taxes 3 , 260 3 , 4 4 0  3 , 6 2 0  3 , 810 4 , 010 4 , 2 3 0  4 , 450 4 , 680 4 , 92 0  
Charges and miscellaneous 1 , 3 4 0  1 , 3 80 1 , 4 00 1 , 4 3 0  1 , 4 60 1 , 500 1 , 520 1 , 550 1 , 57 0  

I ntergovernmental transfer s 
State 560 580 590 6 0 0  6 1 0  6 3 0  6 4 0  6 5 0  6 6 0  
Federal 1 , 0 7 0  1 , 090 1 , 110 1 , 14 0  1 , 160 1 , 180 1 , 210 1 , 23 0  1 , 2 5 0 , :3: I --- -- --- -- -- -- -- -- ---

I-' TOTAL 6 , 2 4 0  6 , 480 6 , 73 0  6 , 980 7 , 250 7 , 530 7 , 8 2 0  8 ,  110 8 , 4 0 0  U1 

EXPENDITURES (thousands of 1 9 7 9  dollars) 

General gover nment 1 , 410 1 , 4 4 0  1 , 470 1 , 500 1 , 5 3 0  1 , 560 1 , 590 1 , 62 0  1 , 6 50 
Public safety 7 30 7 50 7 60 780 800 8 10 8 3 0  840 860 
Publ ic wor ks 2 , 06 0  2 ,  110 2 , 150 2 , 200 2 , 2 4 0  2 , 2 90 2 , 34 0  2 , 3 8 0  2 , 4 1 0  
Heal th and welfare 400 4 10 4 2 0  4 30 4 4 0  4 50 4 6 0  4 6 0  4 7 0  
Recreat ion and cul ture 10 10 10 10 10 10 10 10 10 
Debt service 0 0 0 0 0 0 0 0 0 

-- -- --- --- -- -- -- -- --

TOTAL 4 , 62 0  4 ,  720 4 , 82 0  4 , 92 0  5 , 0 2 0  5 , 13 0  5 , 2 3 0  5 , 32 0  5 , 4 0 0  

aData computed by Lar r y  Adcock and Associates . Detail may not equal total because of roundi ng .  



Table M-16 . Lea County Finance s :  Impact of the WIPP Proj ecta 

Revenue sour ce or expend iture 1980-81 1981-82 1982-83 . 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars) 

Own sour ce 
Taxes 2 7 14 15 10 6 6 7 7 

Charges and m iscellaneous 3 9 15 12 6 6 7 7 7 

I ntergovernmental tr ansfers 
S tate 1 5 8 6 3 3 4 4 4 

3: Federal 2 6 10 8 4 4 4 5 5 

I 
..... 

TOTAL 7 27 4 7  4 1  23 19 21 23 23 "' 

EXPENDITURES ( thousands of 1979 dollars) 

General government 4 12 21 16 8 8 9 10 10 

Public safety 2 6 11 8 4 4 5 5 5 

Public wor ks 5 18 30 24 12 11 14 14 14 

Health and welfare 1 4 6 5 2 2 3 3 3 

Recreation and culture (b) ( b) ( b) (b) (b) (b) (b) (b) (b) 
- -- -- -- -- -- -- -- -

TOTAL 12 41 68 54 28 25 30 32 32 

aData computed by Lar ry Adcock and Associates . 
bLess than $50 0 .  

Detai l  ma y  not equal total because o f  rounding . 



Table M- 17 . Car lsbad School D i str ict Finances :  Baselinea 

Revenue sour ce  or expend iture 1 9 80-81 1 9 8 1-82 1982-83 1983-84 1 9 84-85 1 985-86 1986-87 1 9 87-88 1 9 88 -8 9 

REVENUES ( thousands of 1979 dollars )  

Operational fund 10 , 090 10 , 2 10 10 , 16 0  10 , 370 10 , 47 0  10 , 7 5 0  1 1 , 0 6 0  1 1 , 4 2 0  1 1 , 8 5 0  
Other funds 3 , 96 0  4 , 04 0  4 , 07 0  4 , 16 0  4 , 22 0  4 , 32 0  4 , 44 0  4 , 570 4 ,  7 2 0  

-

TOTAL 14 , 060 1 4 , 2 50 14 , 23 0  14 , 5 3 0  14 , 6 90 1 5 , 070 1 5 , 5 0 0  1 5 , 9 9 0  1 6 , 58 0  

EXPENDITURES ( thousands of 1979 dollar s )  

:I: Operational fund 10 , 6 6 0  10 , 780 10 , 7 20 10 , 9 50 1 1 , 060 11 , 3 50 11 , 6 80 1 2 , 0 5 0  1 2 , 5 2 0  I t-.J Other funds 2 , 660 2 , 6 9 0  2 , 67 0  2 , 7 3 0  2 , 76 0  2 , 8 3 0  2 , 9 1 0  3 , 010 3 , 120 -J 
Debt service 2 80 280 2 80 2 8 0  280 2 8 0  2 80 2 80 2 8 0  

TOTAL 13 , 590 13 , 7 4 0  1 3  , 67 0  13 , 9 5 0  14 , 090 14 , 450 14 , 87 0  1 5 , 3 4 0  1 5 , 9 1 0  

aData computed by Lar r y  Adcock and Assoc iates . Detai l  may not equal total because of roundi ng .  



Table M-18 . Car lsbad School D istr ict Finances :  Impact of the WIPP Projecta 

Revenue source or expenditure 1 9 80-81 1 9 8 1-8 2 1 9 8 2-83 1983-84 1984-85 198 5-86 1 9 86 -87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars)  

Operational f und 109 372 617 4 9 3  262 240 2 90 3 0 5  3 0 9  
Other funds 36 13 1 2 3 1  206 1 1 9  94 109 117 119 

-- -- -- -- -- -- -- -- --

TOTAL 145 504 848 699 3 8 1  3 3 5  398 4 2 2  4 2 8  

EXPENDITURES ( thousands o f  1979 dollar s) 

3: 
1 Operational fund 115 393 6 52 5 2 1  2 76 254 3 0 6  3 2 2  3 2 7  � Other funds 29 98 162 130 69 6 3  7 6  8 0  81 

- -- -- -- -- -- -- -

TOTAL 143 4 9 1  8 14 6 50 3 4 5  317 3 8 2  4 0 2  4 0 8  

aoata computed by Lar ry Adcock and Associate s .  Deta il may not equal total because of rounding . 



Table M- 19 . Loving School Distr ict Finances :  Basel inea 

Revenue sour ce or expend iture 1 9 80-81 1 9 8 1-82 1982-83 1983-84 1984-85 198 5-86 1 9 86-87 1 987-88 1 9 8 8 - 8 9  

REVENUF.S ( thousands of 1979 dollars )  

Operational fund 600 600 6 10 6 20 640 640 6 50 6 7 0  6 8 0  
Other funds 210 2 2 0  2 2 0  2 2 0  2 3 0  2 3 0  2 4 0  2 4 0  250 

- -- -- -- -- -- -- --- ---

TOTAL 8 10 8 20 830 840 860 880 890 9 10 9 3 0  

EXPENDITURF.S ( thousands of 1979 dollar s)  

x 
Operational fund 6 70 6 80 6 90 700 720 730 I 740 760 7 8 0  � 
Other funds 170 170 180 180 180 180 190 190 200 l.O 
Debt service 10 10 20 20 3 0  4 0  50 60 7 0  

---

TOTAL 850 870 890 900 9 3 0  950 980 1 , 010 1 , 04 0  

aData computed by Lar ry Adcock and Associ ates . Detail may not equal total because of rounding .  



Table M-20 .  Loving School D is tr ict Finances :  Impact of the WIPP Proj ect8 

Revenue source or expend iture 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollar s) 

Operational fund 3 17 27 24 12 10 14 17 17 

Other funds 1 4 7 6 3 3 4 4 4 

- - -- - - - -- - -
TOTAL 4 21 34 30 15 13 17 21 21 

EXPENDITURE'S ( thousands of 1979 dollars )  
:3:: I 
"" Operational fund 4 19 31 2 7  1 3  11 15 19 19 0 

Other funds 1 5 8 7 3 3 4 5 5 

Debt service ( b) ( b) ( b) 1 1 2 2 3 3 

- -- -
TOTAL 5 24 39 34 18 16 21 27 27 

8Data oomputed by Lar ry Adcock and Associ ates . 
bLess than $500 . 

Deta il may not equal total because of rounding . 



Table M-21 . Hobbs School Distr ict Finances :  Basel inea , b 

Revenue source or expend iture 1 9 80-81 1981-82 1 982-83 1983-84 1984-85 198 5-86 1986-87 1 9 8 7-88 1988-89 

REVENUES ( thousands of 1979 dollars ) 

Operational fund 1 1 , 2 20 1 1 , 2 3 0  1 1 , 2 7 0  11 , 3 10 11 , 4 80 1 1 , 6 90 1 1 , 830 1 1 , 9 50 1 2 , 0 4 0  
Other funds 2 , 0 3 0  2 , 04 0  2 , 060 2 , 090 2 , 130 2 , 1 70 2 , 2 0 0  2 , 2 3 0  2 , 250 

--- -
TOTAL 1 3 , 250 1 3 , 280 13 , 330 13 , 4 00 1 3 , 610 1 3 , 870 1 4 , 0 3 0  1 4 , 180 1 4 , 3 0 0  

EXPENDITURES ( thousands of 1979 dollar s ) 

:3: Oper ational f und 1 1 ,  210 1 1 , 2 3 0  1 1 , 260 1 1 , 3 0 0  1 1 , 4 80 1 1 , 6 90 1 1 , 8 20 1 1 , 9 4 0  1 2 , 0 3 0  I N Other funds 1 , 59 0  1 , 60 0  1 , 6 0 0  1 , 610 1 , 6 3 0  1 , 66 0  1 , 680 1 , 700 1 ,  710 ....... 
Debt service 5 90 6 10 6 2 0  6 4 0  6 6 0  6 80 700 7 10 7 3 0  

TOTAL 13 , 400 13 , 4 3 0  13 , 4 8 0  13 , 550 13 , 7 2 0  14 , 020 1 4 , 2 0 0  1 4 , 3 50 14 , 480 

aData computed by Lar ry Adcock and Assoc iates . Deta il may not equal total because of roundi ng .  
bThe effect of poss i ble new school bu ild ings i s  not included . 



Table M-22 .  Hobbs School D istr ict Finances :  Impact of the WIPP Proj ecta , b  

Revenue source or expenditure 1 9 80-81 1 9 8 1-82 1982-83 1 9 83-84 1984-85 1 985-86 1 9 86-87 1 987-88 1988-89 

• 

REVENUES ( thousands of 1979 dollar s)  

Operational fund 42 1 50 2 52 2 0 3  108 98 119 124 1 2 4  
Other funds 7 26 4 5  3 9  22 18 21 23 23 

- -- -- -- -- -- -- --
TOTAL 4 9  176 2 97 2 4 2  1 3 1  117 140 147 1 4 7  

EXPENDITURES ( t housands of 1 9 7 9  dollar s)  

:i: 
Operational fund 42 150 252 2 0 2  108 98 119 124 124 I 

"' 
Other funds 6 2 1  3 6  2 9  15 14 17 18 18 "' 

- -- -- -- -- -- -- -- --
TOTAL 48 172 288 2 31 124 112 136 142 142 

aoata computed by Lar ry Adcock and Associates . Deta il may not equal total because of rounding .  
bThe effect of poss i ble new school bu ildings is  is  not included . 
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ApPendix N 

EFFECTS OF LFAVING THE TRU WASTE AT IDAHO 

I f  no TRU-waste repos itory away from the current storage locations becomes 
ava ilable , there will be three general alternatives for managing stored 
TRU waste : 

1 .  The waste could be left in place , as is . A delay in making a dec is ion 
at what to do with the waste would amount to a temporary selection of 
this alternat ive . 

2 .  Improved in-place confinement could be provided for the waste . 

3 .  The was te could be retr ieved , processed , and disposed of at another 
location at the storage site . 

This append ix discusses these alternatives in terms of the methods that 
might be used at the Idaho National Engineer ing Laboratory ( INEL) , the source 
of the waste to be rece ived at the WIPP 1 s imilar methods might be used at 
other storage locations . 

This append ix is based on a deta iled report (DOE , 197 9 )  that contains the 
full analyses and discussions . The evaluat ions presented here cover only the 
TRU waste expected to have been stored at the INEL Radioactive Waste Manage
ment Complex (RWMC) by 1985 . The effects of waste that might be rece ived 
after 198 5 are addressed in the deta iled repor t .  

N . l  LEAVING THE WASTE IN PLACE , AS IS 

N . 1 . 1  Descr iption of Operations 

In th is alternative , the stored TRU waste would be left in place , as is . 
A cover of plywood , polyvinyl sheeting , and 3 feet of ear th over the waste 
would be mainta ined . The pre sent environmental mon itor ing and sampling proce
dures would be continued , with improved procedures incorporated as they are 
developed . In accordance with the proposed cr iteria of the Envi ronmental 
Protection Agency (EPA ,  1978 ) , it was conser vatively assumed that the mainte
nance and monitor ing procedures would cont inue for only 100 year s .  

N . 1 . 2  Environmental Effects 

In the near future ( i . e . , up to 100 years after the implementation of a 
was te-management alter native ) , the environmental effects of this alternative 
would be essenti ally the same as those measured to date for operations in the 
Transuranic S torage Area (TSA) at the INEL . Radiation doses rece ived by people 
near the covered waste would be approximate ly the natural-background doses . 
The nonr adiolog ical e ff ects normally associated with cons truction proj ects 
( e . g . , excavation of so il , use of motor fuels , emi ssions from construct ion 
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equipment ,  and soc ioeconomi c impacts from an influx of wor ker s )  would not be 
present . Thus , the effects on the environment , in the near term , would be the 
smallest of any of the alternatives considered . 

The long-term environmental e ffects of th is alternative would be assoc iated 
with the disruptions caused by natural disasters or human intrusion . 

N . 1 . 3  Radiological Risk to the Publ ic 

The hundred years of mon itored , normal waste-management operations would 
not be a hazard to the public under th is alternative . Rather , the hazards in 
both the near and the distant future would be assoc iated with waste disruption 
by natural d isasters . Table N-1 shows the results of dose-commi tment evalua
tions for the RK>St impor tant natural disaster s .  The evaluations were based on 
hypothetical releases occurring in the year 2085 , when the moni tor ing was a s
sumed to stop . The effects from releases occurr ing in the more distant future 
are presented in Section N . 3 ,  where they are compared with the long-term ef
fects of other alternatives . Risks were not evaluated because of the great 
uncertai nties in estimating the probabilities of disr uptive events many years 
in the future . 

The scenar ios leading to the largest dose conuni tments involve waste dis
r uption by volcanic action or by future populations inadvertently intruding 
upon the site .  The RWMC lies near the edge of the Arco Volcanic Rift Zone , 
which was the s i te of volcan ic action as r ecently as 10 , 500 years ago and i s  
li kely to become ac tive in the future ( Kuntz , 1978 ) . In an explos ive er uption , 
molten lava encounters groundwater at a relatively small depth beneath the 
s urface of the ear�hi a small but signif icant number of er uptions in the east
ern Snake River Pla in have been of this type in the pas t .  A fraction of the 
waste could thereby become airborne and be carr ied off the s i te .  This event 
is of extremely low probability. 

In a related scenar io , lava flow from outs ide the inanediate area could 
cover the RWMC . The was te could be disrupted , and a fraction could become 
airborne and be carr ied off the site .  The lava-flow scenar io is the more 
probable of these two scenar ios , because eruptions or iginating in a larger 
area could de liver flows to the RWMC . As long as the cover over the waste 
were mai ntained , the effects would probably be min imal . However , if the waste 
were left in place indefinitely after maintenance operations cease , the cover 
would erode away , and releases of radionuc lides could occur (Table N-1) . The 
relative sever ities of the two scenar ios for volcanic action are the subject 
of continuing studies . The results presented here are based on conservative 
ass umptions and may overestimate greatly the quantity of radionuclides that 
would be released.  

Another impor tant scena r io is future intr us ion by small groups of people 
onto the was te s i te after institutional controls have lapsed . These people 
are ass umed to live on the waste site , plow the land , eat food raised there ,  
and d ig into the was te looking for artifacts or constr uction mater ial s .  Over 
a SO-year per iod people living on the waste site could receive the dose com
mitments listed in Table N-1 .  
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Table N-1 .  Summary of Dose Conmli tments for Leaving the Stored Waste in 
Place , as Isa 

Maximum individual SO-year dose commitment ( r em) 
Disr uptive event Whole bodyb Bone Lung 

Explosive volcano 6 x lo-3 8 20 
Earthquake 2 x lo-8 2 x lo-s 4 x 10-S 

Mackay Dam failure 3 x lo-9 1 x lo-4 NAe 

Volcan ic lava flowC , d  3 x 10-2 so 90 
Intrusion 

Ingest ion 7 400 NA 
I nhalation 10 soo 700 

Populationf SO-year dose conunitment (man-rem) 
Disr uptive event Whole body9 Bone Lung 

Explosive volcano 40 40 , 000 80 , 000 
Earthquake 1 x lo-4 1 x 10-1 2 x io- �  
Mackay Dam failure 1 x lo-8 s x lo-4 NA 
Volcan ic lava flowc , d  100 20 0 , 000 400 , 000  
Intrusion 

Ingestion 70 4 , 000 NA 
I nhalation 90 4 , 000 6 , 0 00 

aData from IX>E (1979 ) . 
borhe whole-body dose rece ived from natural background rad iation 

dur ing the SO years is about 7 . S  rem. 
<:overburden is assumed to resist lava flow as long as ma intenance is 

continued. Release is assumed to occur 100 years after implementat ion , 
when maintenance ha s  been discontinued . 

d.rhe dose-commitment calculations for this scenar io ar e subject to 
large uncer ta i nties . 

� • not applicable . 
£Population • 130 , 0 00 except for intr us ion , where it is 10 . 
9The whole-body population dose rece ived from the natur al background 

radiation dur ing the SO years is about 1 , 000 , 000 man-rem for the larger 
population and about 7S man-rem for the populat ion affected by intrus ion . 

Flooding of the RWMC could result fran fa ilure of the Mackay Dam , which i s  
about 42 miles upstream on the B i g  Lost River . The dam could fail because of 
faulty des ign or constr uction , deg radation ,  or seismic activity .  Th is d i sr up
tive event is also li sted in Table N-1 .  

N . 1 . 4  Hazards to Wor ker s  

Exper ience at the RWM:: ind icates that hazards to wor kers for this alter na
tive would be small . Maintenance and surve illance wor kers would rece ive radi
ation doses that are barely dist ingu ishable from those deliver ed by natural 
backg round radiation . 
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N . l . S Costs 

The est imated cost of continuing the present program of maintenance and 
sur ve illance for the Transur an ic Storage Area is $600 , 000 annually . (The 
number of year s for wh ich maintenance and surveillance would be cont inued 
cannot be proj ected with confidence . )  Upg rading the program could increase 
th is cost . In add it ion ,  capital costs for the per iodic replacement of some 
equipnent items would be less than one-tenth of the operations cost . 

N . 2  IMPROVING IN-PIACE CONFINEMENT OF STORED WASTE 

N . 2 . 1  Descr iption of Operations 

This alternative provides additional in-place protection for the waste . 
Protection would be provided against penetration by water and intr usion by 
people , an imals , and plant roots . This discuss ion cover s two approaches for 
constr ucting confinement barr iers for the waste (a  bar r ier over the top and 
sides and bar r ier s  over the top , side s ,  and bottom) and one immobilization 
approach. 

In the top-and-side-bar r ier approach , an addit ional 10-foot cover of com
pacted clay and a 3-foot cover of basalt r iprap would be built up over the 
exist ing mounds on the storage pads . 

In the top-side-and-bottom-bar r ier approach , increased isolation would be 
provided by pressure-grout sealing of the sediments beneath the asphalt pad . 
As long as the grout rema ined intact ,  it would be an addit ional bar r ier 
against downward migration of the waste . Assurance cannot be given , however ,  
tha t the grout would remain intact for the thousands of years required for the 
r adionuclides to become innocuous . 

In the immobili zation approach , the waste would be inunobilized in place by 
inj ecting grout into the waste and into the sed iments beneath the pad . The 
waste would thereby be enca sed in a mass ive , impermeable block of grout . The 
g rout would not penetrate sound waste containers ,  which would be sur rounded by 
the grout.  This irmnobil i zat ion method would make any future retr ieval ex
tremely difficult . 

For all of these methods of improved confinement , maintenance and surveil
lance would be continued as d iscussed in Section N . l . 

N . 2 . 2  Environmental Effects 

Under normal oper at ional conditions , there would be no near-term releases 
of radioactivity from any of the three improved-confinement methods and hence 
no dose coDIDitments to the publi c .  Direct radiation from the stored waste 
would be reduced by the shielding of the mound over the was te ,  and r adiation 
expos ure s  at the surface of the mound would be expected to be near background 
levels . Long-term environmental effects would be associated with the disr up
tive events considered in the r isk analysis below . 
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Nonrad iolog ical effects would be those result ing from the use of mate r i
als , ener gy , and labor . For example , it is est imated that 3 0 , 00 0  cubic yards 
of clay and 12 , 00 0  cub ic yard s  of basalt r iprap would be requ ired for the 
add itional protective cover over the waste . An est imated 1000  cubic yards of 
grout and 13 , 0 0 0  cub ic yards of concrete would be required for grout ing be
neath the waste . The immobilization approach would require an est imated 
34 , 0 0 0  cubic yar ds of grout . The waste-management area is already disturbed , 
so there would be no additional loss of habi tat or use of lands . A possible 
habitat loss mi ght be expec ted at the playas from which clay would be extract
ed to constr uct the waste overburden . Th is impact would be mi nor . 

N . 2 . 3  Radiological Risk to the Publ ic 

For the three confi nement approaches discussed , the r i sk assoc iated with 
the confi nement operations themselves would be essent ially zero.  Only in the 
inunobili zation oper at ion , in wh ich grout- injection pipes would be forced 
through the clay cover and the pad , can a release scenar io assoc iated with 
operat ions be pos tulated . Dur ing inser t ion and withdrawa l ,  the grout-inject ion 
p ipes would be provided with external conta inment to prevent the spread of 
contami nation . The ha zards from waste-management operat ions would be much 
smaller than those f rom the d i sr uption of the waste by such events as volcan ic 
ac tivity or human intr usion . 

The abil i ty of improved confinement to resist disruptive natural events is 
d i f fi cult to a ssess . This ab ility would undoubtedly decrease as the eng i
neered bar r ier s  de ter ior ate . A credit , r ang ing in value from a factor of 1 to 
a factor of 10 0 0 ,  has been taken for the benefic ial effects - of the barr iers in 
reduc ing the re lea se quantities . 

The dose commi tmen ts for disruptive-event scenar ios , assumed to occur in 
the year 2085 , were estimated . (The effects from r eleases occurr ing in the 
mor e distant future are presented in Section N . 3 . )  For the two approaches 
i nvolving confi nement bar r i er s ,  the dose commi tments are s imi lar to the cor
responding dose commitments li sted in Table N-1 . The simi lar ity sterns from 
the wor st-case assumption that the mai ntenance of the confinement bar r iers 
would cease in the year 2085 and that the eros ion of the bar r i er s would occur 
inunediately ther eaf ter . 

The dose-commitment results for the immobili zation approach are summar i zed 
in Table N-2 . A compar i son of these data with those in Table N-1 shows the 
beneficial eff ec ts of the immobi l i zat ion in reducing the sever ity of releases , 
at lea st for 100  year s .  

N . 2 . 4  Hazards to Wor ker s 

For th is alternative , ha zards to wo r kers would be only slightly greater 
than those for the al ter native of leaving the waste as is . A low level of 
hazar d  would exist dur ing immobilization operation s ,  but waste-confinement 
measures for the immobi l i z ation operations are be ing developed . 
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Table N-2 .  Summar y of Dose Commi tments from Dis r uptive Events for Approach 
with In-Place Immobili zation of Waste a 

Max imum i nd ividual SO-year dose commi tment ( rem) 
Disruptive event 

Explos ive volcano 
Ear thqua ke 
Mack ay Dam failure 
Volcan ic lava flowc , d  

I n tr usion 
Ingest ion 
I nhalation 

SO-year backg round dose 

Whole bodyb 

6 x lo-s 

2 x 10-10 

3 x 10-11 

3 x lo-4 

7 x 10-2 

0 . 1  
7 . S  

Bone Lung 

8 x 10-2 2 x 10-1 

2 x lo-7 4 x lo- 7  

1 x lo-6 NAe 

s x 10-1 9 x 10-1 

4 NA 
s 7 

Populat ionf SO-year dose commi tment (man-rem) 
Disrupt ive event Whole bodyg Bone Lung 

Explosive volcano 
Ear thquake 
Mac kay Dam failure 
Volcanic lava flowc , d  

I ntrusion 
Ingest ion 
I nhalation 

SO-year background dose 

aData from OOE" (197 9 )  • 

0 . 4  
1 x lo-6 

1 x 10-10 

1 

0 . 7  
0 . 9  

1 x 10 6 

400 800  
1 x lo-3 2 x lo- 3  

s x lo-6 NA 
2000  4000  

40 NA 
40 60  

bThe whole-body dose rece ived from natural background radiat ion dur ing 
the SO years is about 7 . S  rem . 

COver burden is ass umed to resist lava flow as long as ma intenance is 
conti nued . Re lease is a ssumed to occur 100 years af ter implementat ion , when 
maintenance has been dis cont inued . 

dThe dose-commi tmen t ca lculat ions for th is scenar io ar e subject to large 
uncerta i nties . 

eNA = not appli cable . 
fpopulat ion is 130 , 00 0  except for intrus ion , wher e  it  is 10 . 
gThe whole-body population doe s rece ived from natura l background rad ia

tion dur i ng the SO years is about 1 , 000 , 0 00 man-rem for the larger populat ion 
and about 7S man-rem for the populat ion affected by intr usion . 

N . 2 . S  Costs 

The est imated costs for improv ing the confinement of TRU waste stored at 
the Transuranic S torage Area are summar iz ed below .  The number of years for 
wh ich maintenance and surve illance would be cont inued cannot be projected with 
confidence . The cos ts are in millions of 1979 dollar s (OOE ,  1979 ) . 

Method 

Top and side bar r ier 
Top , side , and bottom barr iers 
Immobili zat ion 

N-6 

Capital 

1 . 9  
S . 4  

21  

Annual oper ations 
and ma intenance 

0 . 6  
0 . 6  
0 . 6  



N . 3  RETRI EVING , PROCESS ING , AND DI SPOSING OF THE WASTE AT THE INEL 

In th is al ternative , the stored TRU waste would be retr ieved from its 
pre sent loca tion , proce ssed , and shipped to a disposal fac i l i ty elsewhere at 
the INEL . The retr ieval and processing of the stored wa ste would beg in in 
198S or as soon thereafter as prac ticable . 

N . 3 . 1  Descr iption of Facilities and Operations 

Retr ieval 

The wa ste would be retr ieved as de scr ibed in Section 9 . 8 . 2 .  

Process ing 

Three poss i ble methods were analyzed for processing the stor ed waste : 
( 1 )  i ncineration by slagg ing pyrolys i s ,  followed by packaging ; ( 2 )  compaction , 
irmnobil i zat ion ,  and packag ing ; and ( 3 )  repackag ing only . The first and th ird 
of these methods provide upper and near- lower bounds for the environmental 
effec ts of any waste-process i ng method tha t might ultimately be selected and 
implemented . The e ffects of these two bounding methods are presented here . 
The effects from compac tion , immobilization , and pac kag ing methods are dis
cussed elsewhere ( DOE ,  1979 )  and are i ntermediate in magnitude . 

Slagg ing py rolys is and repackag ing only ar e discussed in Sect ion 9 . 8 . 3 .  
The deta ils of p rocessing would be affected very li ttle by the choice of the 
ultimate dest i nation for the wa ste product .  

On-site shipment 

On-site shipment of proce ssed wa ste would be by semi tra ilers pulled by 
standard tr uck tractor s .  The cast slag f rom slagg ing pyrolysis would be 
shipped in DOT-17C SS-gallon dr ums ; each dr um would we igh about 1360  pounds . 
The repackaged waste would be shipped in DOT-17C dr ums with 9 0-mil polyethylene 
l i ner s ;  each dr um would we igh about 260 pounds . 

On- s ite di sposal 

Four on-site dispos al methods were analyz ed and are discussed below . 
Waste processed by any of the methods discussed previous ly could be disposed 
of by any of these disposal methods . All disposal methods would be designed 
to allow retr i eval of the waste , if necessar y ,  dur ing an observation per iod . 

Deep-rock disposal : shaft access . This method involves waste disposal in 
a vault a min imum of 800 feet below ground . Access to the vault would be 
provided by two shafts . The repos itory would be simi lar to the WIPP in de
sign,  but sma ller and less complex . After waste emplacement and a retr ieva
bility per iod , the shafts would be fi lled with rock and plugged with concrete . 

The conceptual location is in calcar eous rocks in the Lemhi Mountain 
Range , in the nor thwestern cor ner of the INEL . Al though this location is the 
only portion of the INEL that is not under lain by the Snake River Pla in aqui
fer , it  is beli eved to be hydrolog ically coupled to the aquifer . There is 
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also a possibility that limestone in the vault area would be found to be 
water-saturated . For these reasons , the area would have to be explored by 
core dr illing and hole testing befor e  proceeding further . 

Deep-rock disposal : tunnel access .  The conceptual locat ion studied for 
this disposal method is about 3 miles from that stud ied for deep-rock disposal 
with shaft access . Two tunnels and a subsur face reposi tory for the waste 
would be constructed . The repos i tory would be identical with that descr ibed 
for the shaft-access d isposal .  

Engineered shallow bur ial at S ite 14 . This method involves eng ineered 
shallow bur ial in lacustr ine s ed iments at the central area of the INEL known 
as S ite 14 . This ar ea has the deepest known sur face sediments at the INEL . 

The fac i lity would consist of underground concrete s tr uctures in a rec
tangular ar r ay .  Each structure would be bur ied so that its top would be well 
below the or iginal ground sur face . Each str ucture would contain rooms r unning 
the length of the structure and would have a high ratio of solid mater ial to 
void,  obtained by the use of massive inter locking concrete blocks and by the 
use of a thick layer of natural mater ial ( clay and basalt r iprap) to protect 
the concrete f rom the environment . Two hypothetical des igns were used in the 
analysis , one with a less massive constr uction than the other in order to 
reduce cost . 

Disposal in an engineered sur face facility near the RWMC . The location 
studied for the eng ineered sur face-disposal facility is in the southeastern 
corner of the RM«: , extend ing outs ide and to the south of the present fence . 
The sur face so il in th is ar ea is typically 15 feet thick above a layer of 
ba salt approximately 100 feet th ick . 

The eng ineered surface-dispos al facility would consist of elongated , 
ear th-covered concrete str uctures , each resting on the basalt base .  Includ
ing the cover mater ial , each str ucture would stand considerably above ground 
level . Each str ucture would contain a number of d isposal rooms extending its 
full length . 

The str uc ture would be mass ive , with the intention of providing long
term containment of the waste . It  would have a high ratio of solid mater ial 
( re infor ced conc rete ) to void , obta ined by the use of mass ive interlocking 
concrete blocks . A thick layer of natural mater ial ( clay and basalt r iprap) 
on top of the concrete would protect the concrete from the environment . 

N . 3 . 2  Environmental Effects 

The environmental eff ec ts of retr ieval , slagg ing pyrolysis , and repackag
ing are given in Sec tion 9 . 8 .  

The shipment and disposal of waste at the INEL disposal locations would 
not result in sign ificant radiolog ical effects , at least in the near term ( up 
to 100 year s ) . The waste would be packaged to prevent the release of contam
ination dur ing normal handling and shipping . There would be no exposure to 
the gener al populat ion from normal oper ations because the waste would be 
shipped on commi tted roadways . 
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Af ter the waste had been put in the di sposal facility and the fac il ity 
closed , long-term envi ronmental effects of disposal would be associated pr in
c ipally with the d i sr uption of the waste by natural disaster s .  

Nonrad iolog ical impacts would result from the use of land , energy , resour
ces , and labor . These impac ts are summar i zed in Table N-3 for the four dis
posal locations , inc lud ing the less-mass ive var iation of engineered shallow 
bur ial . Implementation of this var iation would greatly reduce the amount of 
concrete required , as shown in the table . 

The constr uction of roadways would remove some sagebr ush habitat . The use 
of S ite 14 would cause the loss of some of the crested wheatgrass , which was 
i ntroduced to i ncrease the graz ing area on the INEL . Both of these effects 
would be mi nor . The use of either Lemhi Range site would cause a loss of 8000  
acres of  graz ing land for cattle and sheep . (All but about 200 acres of this 
total would be in the form of a 2-mi le-wide buffer zone around the disposal 
site .  The buffer zone might be j udged unnecessary af ter operations ceased , 
because of the protec tion afforded by the disposal facility itself . )  About 
200 acres of wildlife habitat would also be lost in the Lemhi Range , mostly 
because of the constr uc tion of the roadway . 

N . 3 . 3  Radiological Ri sk to the Publ ic 

The rad iolog ical r isks assoc iated with retr ieval , slagg ing pyrolys is , and 
repackaging of waste are d iscussed in Sections 9 . 8 . 2 . 3  and 9 . 8 . 3 . 3 . 

For waste proce ssed by slagging pyrolysis , the r isk to the public dur ing 
waste sh ipment and the operational phase of disposal would be thousands of 
times smaller than that assoc iated with processing the wa ste . For the repack
aged waste ,  the r isk f rom sh ipment and from disposal operations would be about 
the same as that from proce ssing . 

Some of the disposal methods are de signed for long-term integr ity of the 
containment . Thus,  calculations of hypothetical releases occurr ing in the 
year 2085 are of limi ted value . Figure N-1 shows the consequences of more 
d istant releases (IX>E ,  1979)  as a function of the time at which they occur . 
(Risks were not evaluated because of the uncer tainties in est imating the prob

abi li ties of d i sr uptive events thousands of years in the future . )  For per
spective , results are also shown for the other two alternatives discussed in 
th is append ix .  The figure is simplified in that the degradation of the waste 
confi nement is ass umed to occur instantaneously,  rather than gradually . The 
i ncrease in population dose shown for the fi r st 100  years is a result of as
sumed population growth dur ing that per iod . 

In terms of population dose conunitment , the domi nant hypothetical release 
event after disposal is volcanic action , either an er uption up through the 
was te or lava flow over it f rom a near by er uption . A fraction of the waste 
could thereby become airborne and be car r ied off the site .  

All the other evaluated scenar ios were found to produce lower population 
doses . Flooding is among these . The RWMC could be flooded by high water in 
the B ig Lost River or by failure of the Mackay Dam . Such water would pond on 
the INEL , where most of it would evapor ate . To reach the Snake River Plain 
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Table N-3 . Nonradiological Impacts of Disposala 

Constr uction Operations 
D isposal Particulate Diesel 

method and Man- emissionsb fuelb Landb , c  ConcreteC Person- Electr icityC 
location monthsb (10 3 lb) (10� gal) ( acres) ( 10 3 yd3) nelc ( 106 kW-hr/yr ) 

Deep-rock 
disposal : 
-shaft access 924 36 330 205-210 2 39 3-6 

Deep-rock 
disposal: 
tunnel access 924 36 330 206-211 5 31 2-4 

:z: Engineered I 
shallow land � 0 
d isposal at 
S ite 14 393 10 . 3  94 288-493 510-1200 19-28 0 . 13 - 0 . 26 

Less-massive 
constr uction 
than above 288 8 . 3 76 185-266 14-41 10-19 0 . 13 - 0 . 26 

Engineered 
sur face 
d isposal near 
the RleC 246 8 . 1  73 41-115 380-1100 21-30 0 . 10 - 0 . 17 

aData from DOE (1979 ) . 
b1ncludes CODDitted roadway . 
CJtanges of values reflect the different output volumes of waste from the three process ing methods 

studied .  Higher values are for the repackage-only approach1 lower values are for slagging pyrolysis . 
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Figure N-1 .  Summary of consequences from dominant long-term release 
scenarios for al l  on-site disposal methods discussed. 

aquifer , water would have to percolate downward through 580 feet of sediments 
and basal t .  Flow in the aqu ifer is at the rate of 4 to 20 feet per day , but 
sor ption would greatly slow the transpor t of TRU nuclide s .  Disper s ion and 
decay would cause the resultant concentrat ions to be low. Indeed , the analy
sis ind icate s a greater , but still minor , hazard from the resuspension of TRU 
nuclides left al the sur face af ter the evaporation of ponded water (DOE ,  1979) . 

A s ignif i cant scenar io from the standpoint of ind iv idual doses is future 
intr usial al the was te s i te by ind ividuals or small g roups of people . These 
scenar ios could result in ind ividual doses as high as 20 0 rem to the bone or 
the lung . The populatial dose would be small because of the small number of 
people involved . 

N . 3 . 4  Hazards to Wor ker s  

The hazard s  to wor ker s dur ing waste-retr ieval and processing operations 
are d iscussed in Sections 9 . 8 . 2 . 4  and 9 . 8 . 3 . 4 , respect ively . 

Dur ing on-site sh ipment and disposal of waste , small rad iation exposures 
would occur to the wor k for ce f rom di rect radiation . Phys ical controls and 
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admi n i s trative p rocedu res wou ld he implemented to keep t he r adiation doses 
rece ived by wor ker s as low as prac ticable and with i n  DOE s tandards ( ERDA , 
1977 ) . Present e xper ience w i th the hand ling of TRU wa ste s hows that ind iv idu
als di rec tly involved in the oper at ions do not rece ive max imum doses near the 
rad i ation-wor ker l imit of 5 rem per year . 

N . 3 . 5  Cos ts 

The est imated costs of re tr ieval and of process ing for each of the three 
al ter nat ive met hods evaluated are g iven be low . The se costs are ident ical with 
those given in Sec tion 9 . 8 . 2 . 5  and 9 . 8 . 3 . 5 : they are in mill ion s of do llar s 
( DOE ,  1 9 79 ) . 

Oper ation 

Retr i eval 
Sl agg ing pyro lysis and packag i ng 
Repackaging only 

aoper at ions and ma intenance . 
boecon tami na tion and decommi s s ion ing . 

Capital 

9 
3 7 2  
1 0 9  

Total 
O&Ma 

20 
226 

92 

1 
13 
1 1  

Tot al 

3 0  
6 3 5  
212  

The est imated costs for on- s i te shipment and d i sposal are summar ized in 
Table N- 4 .  For each dispos al method , the costs are g iven for manag ing the 
wa ste form resulting f rom the t"-".) processing me thods d i scussed . The est imated 
cost of the less -mass ive ver s i on of eng ineer ed shallow bur ial is consequently 
le ss than that of the other version :  the d i fference is due pr inc ipa lly to the 
smaller quantity of conc re te required . 

N • 4 CONCLUS IONS 

The re sult of hav ing no off-s ite TRU-wa ste repos itory would be tha t the 
TRU wa s te stored in I daho could be ( 1 ) le ft in place as i s :  ( 2 )  left in place 
with improved con fi nement be ing provided : or ( 3 )  retr ieved , processed , and 
d i spos ed of at the INEL . 

No normal oper at ional re lea ses of rad ioac tivity would be assoc iated with 
the leave- in-place al ternat ive or the improved-confi nement alternat ive . In 
the shor t te rm ( i . e . , up to abou t 100 yea rs ) ,  the alternat ive with retr ieval , 
processing ,  and d i sposal at the INEL would result in a g r eater radiolog ical 
impac t than the two other alternative s .  The largest rad io log ical impact would 
result f rom normal operational re leases from the s lagg ing-pyrolys is proce s s . 
Dur ing processing , a whole-bod� dose commi tment of 1 . 9  x lo-7 millirem per 
year of oper ation or 3 . 6  x 10 - mi lli rem to the bone could be expected at 
the point of max imum a i r borne concentrat ion (Table 9-70 ) . 
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Table N-4 .  Estimated Costs of -On-Si te Di sposal for S tored waste 
(Million s  of Dollar s ) a 

D isposal method 

Deep d i sposal in rock : shaft 
Slagg ing pyrolysis 
Repackaging only 

Deep disposal in rock : tunnel 
S lagg ing pyrolysis 
Repackag i ng only 

Eng ineered sha llow bur ial 
Slagg ing pyrolysis 
Repackag i ng only 

Less-mass ive var i at ion of 
engi neered sha llow bur ial 

Slagg ing pyrolysis 
Repackag i ng only 

Disposa l  in an eng ineered 
sur face fac il i ty 

S lagg ing pyrolysis 
Repackag ing only 

aData from IX>E ( 1979 ) .  

Sh ippi ng 

2 . 7  
1 . 1  

2 . 7  
1 . 1  

2 . 3  
1 . 4  

2 . 3  
1 . 4  

NAd 

NA 

Capital 

36 
37 

37 
38 

26 3 
604 

34 
79 

154 
451 

Total 
O&Mb 

103 
111 

96 
108 

69 
73 

6 5  
69 

70 
74 

D&Dc 

0 . 3  
0 . 3  

0 . 3  
0 . 3 

0 . 3  
0 . 4  

0 . 3  
0 . 4  

0 . 2  
0 . 2  

Total 

142 
149 

136 
147 

335 
679 

102 
150 

225 
526 

bFor each entry in th is column , $60 mi l lion of the oper ations-and
mai ntenance (O&M) costs s temmed f rom 100 years of ma i ntenance and surve il
lance . 

crnc ludes on ly costs assoc iated with decontamina t ion and decommis
sion i ng ( D&D) of service fac i li ties such as ma intenance fac i l i t ies . No D&D 
would take place for the disposa l  fac il i t ies themselves . 

� = not applicable . 

Dur ing handling assoc iated with sh ipment of processed waste to the INEL 
d i sposal locations , wor k ers would be exposed to direct radiation from the 
waste packages . Exper ience ind icate s  that the doses received by the wor ker s 
will  be we ll below the 5-rem/yr l imit for radiation wor k ers . 

The r e  would be no radiolog ical exposures to the gener al populat ion dur i ng 
normal operations for d i sposing of the waste at the INEL . The dominant 
waste-handling acc ident would be assoc iated with the waste that has only been 
repackaged. 

Over the long term ( i . e . , over more than about 100 year s ) , natural disas
ter s ( floods, volcanoes , etc . )  could occur , disrupting the waste and re leasing 
rad ionuclides . Also , ind ividuals and small groups of people could inadver t
ent ly come i nto contact with the waste . In terms of radiation doses to the 
surround ing population , volcanic action was determined to be the predominant 
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event for all of these alternatives . Although significant SO-year dose com
mitments could be delivered to maximally exposed persons in the volcanic-lava
flow scenar io ( 90 rem to the lung ) and the intrusion scenar io ( 500 rem to the 
bone, 700 rem to the lung ) , no near-term fatalities from radiation would be 
expec ted to result from such events . Dose commitments this large are predicted 
only for the alternative of leaving the waste as is , without improving its 
confinement . 

Nonradiological effects from any of the three alternatives discussed above 
would generally be limited to minor commi tments of energy , resources , and la
bor . An exception is the large requirement of concrete for the massive str uc
tures for engineered surface d isposal and for engineered shallow bur ial . The 
latter fac ility aan be made less massive ,  using less concrete , with some sac
r if ice in long-term safety . This reduction in mass is probably not poss ible 
for the engineered surface-disposal fac ility ,  which would be openly exposed to 
the elements in an area of severe winters1  signif icant rates of deter ioration 
of the containment would then be expected over the long term . 

Slagging pyrolysis would be the most costly of the processing methods 
studied , but the resulting waste product would be the safest . Furthermore ,  
the reduced disposal costs resulting from the decreased volume of waste proc
essed by slagg ing pyrolysis would tend to offset the increased cost of proc
essing , particular ly for disposal in massive concrete str uctures . Deep-rock 
disposal and the less-mass ive var iation of engineered disposal would cost much 
less than the other d isposal methods studied . 
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Append ix 0 

INTERPRETATION OF THE RADIATION COSES 
PREDICTED IN THIS DOCUMENT 

Some of the analyses in this document predict the radiation doses and dose 
conni tments that people may rece ive from activities assoc iated with the WIPP . 
This appendix begins with a br ief d iscuss ion of the meaning of these two quan
tities.  It then de scr ibes the methods that this document uses for interpret
ing them . 

O . l  RADIATION COSES AND COSE COMMITMENTS 

The impac ts of radiation from the WIPP are predicted in terms of two dif
ferent quantit ies--dose and dose conunitment--because people can receive two 
types of exposure to rad iation : external exposure and internal exposure .  An 
external expos ure comes from a source outs ide the body ; .  if the source is rem
oved or the per son moves away from i t ,  the external exposure stops . A per son 
who stands, for example , on a contaminated surface may rece ive an external 
exposure unt il he moves away from the sur face . Internal exposur e ,  on the 
other hand , comes from rad ioactive mater ial ins ide the body . If  such mater ial 
is i nhaled or ingested , part of it continues to irradiate body tissues unt il 
it decays or is elimi nated by biolog ical processe s .  

When th is envi ronmental impact statement predicts that a per son will re
ce ive an external expos ure to radiation , it also evaluate s the biolog ical dam
age done dur ing the exposure by calculat ing the dose de livered to the per son . 
Str ictly speaking ,  it  ca lculate s the quantity called " dose equivalent , "  but 
this document , like most others of its type , uses the less awkward term " dose . "  

Internal expos ure s are eva luated in terms of "dose conuni tment , "  a quantity 
descr ibing the effects of i r radiat ion that continues after radioactive mater ial 
ha s entered the body . A dose conunitment is calculated by integ rating , or sum
ming , the annual dose rece ived from radioact ive nuclides ins ide the body ; 
usually th is integ rat ion is per formed for a per iod of 50 years after intake . 
The i nteg rated dose result ing from 1 year ' s  intake of the mater ial is then , by 
de fi nition ,  the 50-year dose conunitment from that intake . For radionuclides 
that decay qu ickly or are eliminated quickly , most of the dose commi tment is 
rece ived in a short per iod of time at the beg inning of the 50 year s ;  for 
longer- lived or longer-retained mater ials , it may be rece ived over the entire 
50 year s .  Tr it ium, for example,  would de liver a dose conunitment ear ly in the 
SO-year per iod . Among the radionuclides that would deliver a dose commi tment 
over a longer time are the actinide elements that are in the waste to be re
ce ived at the WI PP . 

Both dose and dose conunitment are expressed in terms of a unit called rem , 
a measure of biolog ical damage done by r ad iat ion.  

When mor e than a few people are exposed to radiation , the quantit ies com
monly used to descr ibe the effects are populat ion dose and populat ion dose 
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commi tment . Expressed in man-rem , these quanti t ies are calculated by mult iply
i ng the number of exposed people by the average dose or dose commitment they 
rece i ve .  From estimates of population dose and dose commi tment , it is pos
sible , as expla ined below , to pred ict the health effec ts resulting from 
exposu re . 

0 . 2  METHODS FOR INTERPRETING PREDICTIONS OF RADIATION DOSES 

Because most people are not familiar with measurements of radiation doses 
and dose commi tments , the ma in text of th is document prov ide s , in add it ion to 
the pred ic tions themselves ,  information i ntended to he lp the r eaders j udge 
the ir signif i cance . In providing such information , documents like th is one 
can use three conven i ent methods : compar ison of a pred icted dose with the dose 
rece ived from natura lly occurr ing background rad iation , compar ison of a pre
d ic ted dose with offic ial standards i ntended to insure publ ic safety ,  and es
timation of the health effec ts tha t might ar ise from a pred icted dose . This 
append ix br ie fly d iscusses these three methods of i nterpretation and expla ins 
how they are used in th is dGcument .  

The remainder of this append ix is pr imar ily a shor t swmnary of the more 
complete d iscu ssion in the draft gener ic envi ronmental impact statement (GEIS )  
on the Management of Cormner c i ally Generated Rad ioactive Waste (U . S .  Depar tment 
of Ener gy , 1979 ) . Th is appendix is not intended to be a complete tutor i al 
essay on the effects of low-level rad iation , nor does it  take a pos i t ion in 
the cu r r ent controver sies about the e ffects of low-level r adiation .  I ntere sted 
readers can fi nd full discuss ions elsewher e ;  the GEIS , for example , contains 
an extensive l ist of refer ence s ,  only a few of wh ich are repeated here . 

0 . 2 . 1  Method 1 :  Compar i son with Natur al Background Radiation 

All people are exposed to r ad ioactivity f rom natural sources . Cosmic r ays 
f rom space arr ive constantly at the ear th ; people rece ive rad iation doses from 
the rays di rectly and f rom i nteractions between the r ays and matter on earth . 
People also rece ive rad i at ion doses from ter restr ial sources :  r ad ioactive 
elements that ex i st in the earth ' s  crust and in living t issue and r adioact ive 
elements tha t ar e produced when cosmic rays interact with stable elements . 
Because some of the r adioactive elements exist ins ide the human body , the 
ter restr i al sources contr ibute inter nal rad iation doses as well as external 
r ad i ation doses .  

The doses rece ived from these natural rad iation source s vary from place to 
place . For example , the dose f rom cosmic rays i ncreases with elevation , the 
average dose at about 6600  feet above sea level be ing double the dose at sea 
level ; the external dose f rom terrestr ial sources is h igher in places where the 
rocks near the sur face of the ground ar e r icher in natural rad ioactive elements . 
The GEI S contai ns tables and text descr ibing the doses f rom natural background 
rad iation , and de ta iled discuss ions appear in the re fer ences c ited ther e .  
Table 0-1 ,  tak en f rom the GEIS , summar izes the average doses f rom natural 
rad i ation . I n  the text of th is document the value usually used for the aver age 
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whole-body dose from natural radiat ion is 0 . 1  rem per year , slightly lower 
than the value in the table . Th is cho ice insures that the compar isons do not 
over est imate background doses even though they vary from place to place as 
expla i ned above . When d iscussing events in Idaho , the text uses 0 . 15 rem per 
year because in tha t state the average annual dose from natural rad iation is 
about 0 . 17 rem . 

Table 0- 1 .  Est imated Annual Aver age Whole-Body Doses from 
Natural Radiation in the Uni ted States 

Source 

Cosmi c rays 
Ter restr ial radiation 

External 
Internal 

Tota l 

Annual dose 
( rem) 

0 . 045  

0 . 060 
0 . 02 5  

0 . 130  

This document uses natural-backg round doses as a reference for compar ison 
with the doses it pred icts . Such a compar ison is useful for at least two 
rea sons . First,  the natural-backg round dose has been reliably measured and is 
we ll under stood : it  is a number that is not li kely to changec signif icantly 
with new studies or with advances in the under standing of radiation effects.  
Second , compar isons with natural background are compar isons with radiation 
levels that all people have exper ienced : r eaders may use their own feelings 
abou t backg round rad iation in evaluating the significance of the doses that 
the WI PP may add to the natural doses .  

I n  spite of the se two reasons , some oppos i t ion to compar i sons with natural 
bac kground rad iatial was expressed in publ ic comments on the draft of this 
env ironmental impac t statemen t .  Some commentor s seemed to feel that in mak ing 
these compar isons the statement was tac itly assuming that natu ral-backg round 
levels ar e  safe . Whether natural background rad iation is dangerous or not is 
a complex question .  Some authors have suggested that as many as 50% of human 
cancer s ar e  caused by natural rad iation . Other investigators have pointed out 
that th is hypothesis is not suppor ted by ava ilable data , such as the observed 
cancer rates in differ ent places where natura l radiation var ies widely : some 
investigators have even found negative cor relations between natural radiation 
and health eff ec ts . Accord ing to the major ity of stud ies ,  the effects of 
natural radiation are so small that they are l ikely to be undetectable among 
the effects of other sources of human ill health . 

Like the GEIS , this document does not take a position on the que stion of 
whether natura l backg round rad iation is responsible for health effects in 
human be ings . It uses the doses rece ived f rom natural backg round radiation 
on ly as an easily under stood re fer ence . Reasoning from the information that 
the predicted doses are lower than natural-backg round doses , members of the 
public and government off ic ials can decide for themselves whether rad iation 
f rom the WI PP would be s ign ificant . 



0 . 2 . 2  Method 2 :  Comparison with Official Standards 

Radi ation standards are s et at levels that , in the j udgment of experts , 
will protec t people from ill effec ts . Compar ing pred icted doses with these 
standards is , therefor e ,  a s imple way of identi fy ing doses that can be labeled 
" safe" in a way tha t ha s a we ll-de fined mean ing . 

A d i f ficul ty with expla in ing rad iat ion doses by such compar isons is the 
confusion tha t can ar ise because standards ar e subject to change .  The agenc ies 
that set rad iation standards have , in fac t ,  r ecently received requests both to 
lower and to raise some cur r ent standards . A further confusion sometimes 
ar ises because the standards that apply to members of the general public are 
differ ent from those that apply to wor ker s  in industr ies that use rad iation . 
For these r easons , this document seldom uses off ic ial standards as a reference 
for compar ison with pred icted doses .  

0 . 2 . 3  Me thod 3 :  Est imates of Health Ef fects 

Acute effects 

The doses pred icted for the routine oper ation of the WIPP are too low to 
produce acu te , or prompt , health effects , wh ich appear only at higher doses . 
Accord ing to the National Counc il on Rad iation Protection and Measurements 
( 1 974a,  pp . 44-46 ) , changes in whi te blood cells are not found eas i ly at doses 
below SO rem. Spec iali z ed analyses of chromosomes can detect changes from 
doses in the range of S to 2S  rem, but " the biolog ical s igni ficance , if any , 
of these changes is unknown at present . "  The lowest doses that produce vis
ible evidence that a per son has been affected by r adiat ion are in the r ange of 
7S to 12S rem , wh ich is the "minimal dose likely to produce vomi t ing in about 
10% of people so exposed . "  The routine operation of the WIPP is not pred icted 
to de liver doses in even the lowest of these ranges .  

The analysis of accidents dur ing the tr anspor tation of waste pred icts 
upper -limi t dose commitments of 3T r em to the bone from the wor st acc idents , 
wh ich are highly un likely .  These doses would be de livered over a S O-year 
per iod and would there for e not be expec ted to produce acute health effects . 

The only higher doses pred icted in this document appear in the analyses 
tha t study upper limits to intentional destruc tive acts (Chapter 6 )  and to 
hypothetical long-term releases of waste left in storage at Idaho (Append ix N) . 
These whole-body dose conmi tments might reach levels that would produce nausea 
and vomi ting in some people if the doses were de livered in br ief external 
exposures rather than over SO  years . While such prompt effec ts are not to be 
expected f rom SO-year dose commi tments , it is diff icult to pred ict whether they 
might occur at some time dur ing the SO year s .  As the National Counc il on Rad i
ation Protec tion and Measurements poi nts out , there are no reliable data on 
the relation between internal dose and whole-body external dose ( 1974b,  p .  37 ) . 

Delayed effects 

Although there is little poss i bil ity of acute illness from the doses pre
d ic ted in th is document , exposure to them might be expected to produce effects 



noti ceable after t imes measured in years . These delayed health effects are of 
two types : somatic effects , which are pr incipally cancer s ,  and genetic ef
fects , wh ich ar ise f rom al terations or rear rangements of genes in living 
ce lls . The GEIS lists four k inds of disease assoc iated with genetic effects , 
and it poi nts out that there may also be other genet ic influences on phys ical 
and mental health . Because the se other influences are poor ly defined , how
ever , the studies that try to pred ict the genet ic effects of low-level r adia
tion simply ass ume values that appear to be the highest possible ones .  

Using health e ff ec ts as a method of explain ing r adiation doses has the 
apparent advantage that the public can under stand numer ical pred ictions of 
deaths more eas ily than pred ictions of doses expressed in unfamil iar units . 
The disadvantage of using health effects is that interpreting pred ictions of 
poss ible deaths is less simple than it might appear to be : the sc i entific 
basi s for such pred ictions is complex and controver s i al .  

The complexity and controver sy stem f rom the d i fficulty of mea sur ing the 
effects of low-leve l rad iation . The doses pred icted in th is statement lie far 
be low the doses for whi ch health effects in people have been measured di rectly . 
Almost all of the direc tly measured data are for doses near 100  rem and higher : 
they show that t he magn itude of health effects inc r eases with the r adiation 
dose (Figure 0- 1 ) . To predict the effec ts of lower dose s requires extr apola
tion of these data , and extrapolation to doses like those pred icted for the 
WIPP is subj ec t  to large uncerta inty :  the dose s  from the routine operation of 
the WI PP generally lie in the r ange below 0 . 1 rem , a thousand t imes lower than 
the direct measurements . Some author it ies feel that the direct data can be 
meani ngfully extrapolated to lower doses s imply by drawing a stra ight line on 
a graph that shows health effects as a function of dose ( Figure 0- 1 ) . Other 
investigators feel that th is li near extrapolation underesti1nates health ef
fects at low doses : they prefer a " super linear • extrapolat ion like the one 
s hown in Figure 0- 1 .  St ill other inve st igators feel that at low doses the 
human body can at lea st par t ially repair the damage induced by rad iation : th is 
theory would support an extrapolation like the one labeled " s ubli near " in 
Figure 0-1.  

It is  difficult to decide exper imentally wh ich extrapolation procedure is 
cor r ec t ,  because the effects of r adiation at low doses are a lmost impossible 
to separate from similar eff ec ts exer ted by other agents in the biospher e .  In 
the absence of de finitive exper iments , most g roups of experts r ecommend the use 
of the li near hypothesis for mak ing pred ictions intended to protect the health 
of the publ ic . The predictions made in this document therefore implicitly con
ta in the linear extrapolation . Because the linear hypothesis rema ins unproved 
at low dose s ,  however , the health effects of r adiation doses below natural
backg round levels must be predicted as poss ibilities , not as cer ta intie s .  

For the i nterpretation of radiation doses ,  the GEIS presents " r isk fac tors •  
that conver t  pred ictions of population doses to pred ictions of health effects . 
These r isk f ac tors were der ived f rom the li terature dealing with the somat ic 
and the genetic eff ec ts of low-level rad iat ion . A discuss ion of the der ivat ion 
appears in Append ix E of the GEIS . For conven ience , the references consul ted 
in the der ivation ar e listed her e :  the BEIR Repor t issued by the Nat ional Acad
emy of Sc i ence s ( 1972 ) , the UNSCEAR Report issued by the Un i ted Nat ions Scien
tif ic Commi ttee on the Effec ts of Atomi c Rad iation ( 19 7 7 ) ,  publ ica tions on the 
uran ium fuel cycle i ssued by the U . S . Env i ronmental Protection Agency ( 19 7 3a , 
197 3b , 197 6 ) ,  the Reactor Safety Study issued by the U . S .  Nuclear Regulatory 
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Figure 0-1 .  Suggested methods of determining the effects 
of low-level radiation by the extrapolation of 
existing data for high levels. For clarity, the 
curves exaggerate the differences from the 
l inear extrapolation. Predicted doses from the 
WIPP are mostly i n  the dose range below 1 
rem, where extrapolations are h ighly uncertain. ·  

Connission ( 197 5 ) , and a repor t issued by the Medical Research Counc il in 
England (1975) . 

Table 0- 2 ,  taken from the GEIS , lists the health-effects r isk factors used 
in this statement . There are two types of r isk factors in Table 0- 2 1  those 
expressing somatic effects as number s of fatal cancers and those expressing 
genetic effects . The somatic effects are further divided among cancers ar is
ing from four differ ent kinds of exposure . The health effects predicted by 
the r isk factors in Table 0-2 are delayed effects that would occur years after 
the exposure . The predicted deaths would occur throughout the lifetimes of the 
people who r eceive the dose1 the genetic effects are the total numbers that 
would occur in all generations after the exposure . Because the reports listed 
above do not agree on single values for each of these r isk factors ,  the entr ies 
in Table 0-2 are ranges that encompass the repor ted values . 
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Table 0- 2 .  Hea lth-Effec ts  Risk Factor s Used in This Statement 

Type of effect 

Fatal cancers from 
Whole-body expos ure 
Lung exposure 
Bone exposure 
Thyroid exposure 

Genetic effects in all generations 
f ran whole-body exposure 

Predicted incidence 
per l million man-rem 

so-soo 
s-so 
2-10 
3-15 

50- 300 

The r is k  factors in Table 0-2 can be explained by the example of whole
body exposure . If a population rece ived a total whole-body dose of l million 
man-rem, the number of fata l cancers induced by the exposure might lie between 
SO and 500 . S uch a population dose could ar ise , for example , if each of 1 
million people rece ived a dose of 1 rem1 it could ar ise if each of 100 million 
people rece ived a dose of O . Ol rem. 

Table 0- 3  illustrates the use of the r isk factors . It presents the num
bers of fatal cancers that might develop if populations of var ious s izes re
ce ived whole-body doses of var ious magnitudes .  The r isk factors that count 
other effects of exposure can be used similar ly .  

Table 0- 3 .  I llustr ation of the Use of Risk Factors To calculate 
Rad iation-I nduced Deaths 

Aver age whole-body Population dose Predicted 
Population dose ( rem) (man-rem) fatal cancers 

10 , 000 0 . 0 1  100 o . oo s-o . o s  
10 ' 000 0 . 1  l , 000 o . os-o . s  

100 , 000 0 . 00 1  100 o . oo s-o . o s  
100 , 000 0 . 01 l , 000 o . os-o . s  
100 , 000 0 . 0 2 2 , 000 0 . 1-1 
100 ' 000 0 . 1  10 , 000 o . s-s 

1 , 000 , 000 0 . 1  100 , 000 s-so 
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COMMENTS FROM FEDERAL AND STATE AGENCI ES  
ON TH E  DRAFT ENVIRONMENTAL IMPACT STATEMENT 

FOR THE WASTE ISOLATION PILOT PLANT 

This append ix contains comments from Federal and state agencies on the 
draft environmental impact statement for the Waste I solation Pi lot Plant . Only 
the cover letters of the state government agencies are presented in this appen
dix . Copies of these comment le tters i n  their enti rety as well as all letters 
rece ived from citizens groups and pr ivate per sons , are available for publ ic 
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, Y.t�T HANC£ 
\tTM DIP'f lel'. Tl:llAS 

Congress of tbe tiniteb 6tates 
Jlou•t of -1\eptt•tntatibt• 
EdlJfn;ton. a.e;. 20515 

May 2 5 , 1 9 7 9  

Mr .  Eugene Beckett  
Depa r tme n t  of Energy 
WIPP Proj ect Of f ic e  
M S  B- 1 0 7  
Wa shington , D . C . 2 0 5 4 5  

Dear Mr . Becke t t : 

DllTlll� DFrtCts 
f'IDP� 8ut1 .. DINO, Roo" 1 1 1  

�K. Tai.I 79'01 
(IOI) 76)-11 1  t 

f'&oll•� Bun .. c1NO, Roe" zoe 
M IDI.AND, TIClUI 71701 

(tlS) ll.t-U07 

You wi l l  f ind a t tached wr i t ten comments for inc l u s ion 
and considerat ion at the pub l ic hea r ing s being he l d  
on the d r a f t  environmenta l impa c t  statemen t , DOE/E I S
..Q-0 2 6 - D , Wa s t e  I so l a t ion P ilot Plan t , Eddy County , 
New Mexico . 

I f  you wou l d  please keep me advised a s  to the progre s s  
of th i s  proj e c t , I wou l d  appreciate i t . 

Sincere l y , 

Ken t  Hance 

J<H : mpo 

Atta chmen t  
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ECTOR COUNTY DEMOCRAT IC WCJ1EN ' S  CLUB 
P .  O. BOX 2944 

. ue HoRo rabl e Kent Hance 
fhe Ho use of Rep resentati ves 
1 039 Lqngworth eu; l d i ng 
4a s h i ngton 1 o .  C .  2051 5 

>ear Cong re s sman Hance : 

ODESSA , TEXAS 79760 

May 1 8 .  1 979 

Re :  Wa ste I so l a t i on P i l ot Pl ant 
Near Carl s bad . New Mexi co 

he membe rs o f  the Ector County Democra t i c  Women ' s  Cl ub a re  opposed to the bu i l d i n g  o f  
h e  Wa ste I so l at i on P i l ot Pl ant (W I PP ) nea r Carl sbad , New Mexi co .  The c l ub reached 
h i s  dec i s i on afte r consul t i n g  wi th members of the League of Women Voters of Odessa , 
exa s , and re v i ewing the League ' s  i n -depth study of t h i s p i l ot pl ant . We agree w i t h  
h e  League that t h i s s i te i s  not suffi c i en t l y  safe for l on g -te nn storage of l a rge 
uant i t i e s of nuc l ear wa ste for the fol l owi n g  reason s : 

1 .  Accord i n g to t he hydrol ogi cal stud i e s  conducted t he re  a re h i g h  pre s s u re depo s ; t s  
o f  na tura l  ga s and water unde rl y i n g  t he s i te wh i c h  are potent i a l l y  dangerous 
i f  t he h i gh pre s s u re gas shoul d  ever force the wa ter i n to t he W I PP s i te .  
These n atural gas depo s i t s  a re  potent i a l l y  va l uabl e sources o f  natura l  gas , but 
the WIPP s i te wi l l  remove them from useful ness . 

2 .  There have been -earthquakes a s  recen t l y  a s  t he spr i ng of 1 978 i n  Wi n k l er County , 
Texa s ,  wh i c h  i s  adjacent to Eddy County , New Mex i co , t he l ocat i on of the 
propo sed WIPP s i te .  

3 .  The aqu i fers o f  southea stern New Mex i co and southwe stern Texas a re too c l ose to 
t he c hosen s i te .  I f  any l eakage shoul d occur and seep i nto t hese water suppl i e s , 
i t  cou l d  pol l ute a porti on or t he ent i re water supply o f  t he a rea . 

i add i t i on wa stes be i n g  del i vered to t he p l ant woul d b e  transported through the State 
f Texa s , whi c h  i s  certa i n l y  a potent i a l  hazard to res i den ts al ong the route . 

f ,  howe ver ,  t he Carl sbad s i te i s  c hosen we woul d l i ke to see the fol l owing safeguards 
l S t i tuted a s  reconmended by the League : 

1 .  There s hou l d be mon i to ri ng of the mi ne unt i l t he m i ne s i te i s  no more rad i oact i ve 
t han the natural rad i oact i vi ty o f  the reg i on . 

2 .  There shoul d be mon i tor i n g  o f  pri vate and publ i c  water s uppl i es o f  southea st 
New Me x i co and southwest Texa s as l on g  as i t  i s  n ece s s a ry to mon i tor t he mi ne . 
The mon i to r i n g  s houl d be at the expense o f  the Un i ted States government , not 
at the e xpen se of the i nd i v i dual water user . 
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The lionora�l e l(ent Hance 
May 1 8 ,  1 979 
Page 2 
WIPP - Carl s bad , New Me x i co 

3. · I f  pol l ut i on of any water suppl y s houl d occur from the Waste I so l a t i on P i l ot 
-Pl ant , the water supp l y  s houl d be repl aced wi t h  pota bl e water . · Th i s  good , usa b l e  

water shoul d not be a t  t he expen se o f  the property owner/owne rs , but r a t her a t  
t he expense of the Un i ted States goveMlmen t .  

4 .  T here s houl d be securi ty provi s i on s  for t he tran s port a t i on o f  the rad i onuc l ea r  
waste to the s i te .  

5 .  T he rad i oact i ve wa ste s houl d be i sol ated i n  a s  retr i evabl e a manner a s  po s s i bl e ,  
pen d i n g  future technol ogy when t he wa ste can be s a fe l y  d i sposed o f  or  ut i l i z ed 
for fue l . 

We feel conf i dent that you wi l l  we i gh t hese con s i dera t i on s  care fu l l y  and he l p  protect  
t he res i dents of Texa s .  

S i ncere l y  yours , 

�� � 
Mrs . Gene Ater 
Pre s i dent 
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UNITED STATES ARMS CONTROL AN D DISARMAMENT AG ENCY 

WASH I NGTON 

G ENERAL COUNSEL 
June 2 6 , 1 9 7 9  

Dear Mr . Beckett : 

The U . S .  Arms Control and Disarmament Agency (ACDA) has 
reviewed the Department of Energy ' s  draft Environmental Im
pact Statement (DOE/EIS- 0 0 2 6 - D )  on the proposed Was te I solation 
P i lot P l ant (WIPP ) which was forwarded to us for comment by 
As s i stant Secretary Clusen ' s letter dated April 1 8 , 1 9 7 9 . 

ACDA would pref er to see more emphas i s  pl aced in the 
draft EIS on the importance to our national nuclear waste 
management program of the intermediate- s cale facility ( I SF ) 
demonstration component of the WIPP pro j ect . This could be 
handled rel atively eas ily by placing additional balancing 
text from the Interagency Review Group Report ( 1 9 7 9 ,  p . 5 5 )  at 
the end of the third paragraph on p .  2 - 1 5  of the draft EIS . 
Speci fically , we would sugge st us ing the fol lowing s tatements : 

-

" An  ISF would also provide valuable experience in 
constructing , operating , and maintaining faci lities 
and equipment for was te packaging , handl ing , trans
porting , emplacement , and retrieval , "  and 
" Exercising the licens ing process for at least one 
ISF at an early date would be extremely useful prep
aration for the later licensing proceeding of the 
first full-scale repo sitory . "  

We recognize that these statements appear as part of a verbatim 

Mr . Eugene Beckett 
WIPP P ro j ect Office 
Mai l  Stop B- 1 0 7  
Department of Energy 
Washington , D . C .  2 0 5 4 5  
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reproduction o f  selected IRG material i n  Appendix C ,  but 
bel ieve they are l ikely to be overlooked if not included 
in the main text . 

In this regard , i t  i s  important to keep in mind that 
progres s  in demons trating that nuclear spent fuel can be 
s tored acceptably in geological resposi tories has important 
implications for U . S .  nuc lear non-pro li feration po licy . 
Again quoting from the Interagency Review Group Report ( 1 9 7 9 , 
p . 6 8 ) : 

Whi l e  i t  i s  difficult to predict what impact any 
particular s trategic pl anning bas i s  for the United 
States was te disposal program would have on other 
countries , i t  i s  fair to say that a strategy per
ceived as i ndecis ive would almo s t  certainly reduce 
our inf luence on achieving overall non-proli feration 
ob j ectives at the international level . Thi s  i s  
important to the Uni ted S tates because o f  our con
cern about pos s ible proli feration consequences o f  
nuclear power , our need t o  inf luence other countries 
with regard to the feas ibi l i ty of permanent dispos al 
o f  spent fue l , and our de s i re to protect the global 
environment by work ing wi th other countries to devi se 
acceptable approaches to spent fuel management and 
waste di sposal . 

The I SF demons tration could be an important f ac tor in convinc
ing other nations that the U . S .  is moving de cis ively ahead in 
solving its spent fuel management problems . 
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DEPARTM ENT OF HEAL� ?DUCATION Jl.rttt WELP.-:�� 
OFFICE OF THE SECRETARY 

WASHING9Gi!'9.e. 'llllZOT 

Mr . Eugene Bec ke tt 
W I PP Proj ec t  Off i c e  
u . s .  Department of Energ y 
Wash i ng ton , D . C .  2 0 5 4 5  

De ar Mr . Bec ke t t : 

SEP t l \979 

Thank you for the oppor tun i ty �o rev iew the Dra f t  Env iron
mental Impac t  Sta tement ( E I S ) for Was te Isolat ion Pi lot 
Pl ant ( DOE/ E I S- 0 0 2 6- 1 ) .  We offer the fo l lowing comments 
for cons i d e ra t i on in prepar i ng the f i nal E I S . 

S ince th i s  i s  a new p i lo t  undertaki ng , we were not abl e  to 
r ev iew the ad equacy o f  the de s ig n  ob j ec t iv es for mee t i ng 
rad iation protec t i on s tand ard s assoc i ated wi th po ten t i a l  
i nd iv id ua l  dose s . 

The impa c t  s t atement does no t con t a i n  a spec i f ic cr i te r i a  
for rad iolog ical protect ion re l a t iv e  to general popu lation 
e xposure and oc c upational expos ure . The s ummary o f  maj or 
i mpacts d e sc r i bed in Tab le 3 - 1 0 i s  pres ented as a percent 
of backgro und rad i a t ion for the general popu lat ion and the 
c urrent s t and ard s fo r occ upat ional exposure . In ord er to 
e nabl e a be tter ev al uat i on o f  the rad iolog ical impac t ,  IX>E 
s ho u ld inc l ud e  a d i sc us s ion o f  the rad iolog ical protec t ion 
c r i te r i a  that they cons ider appl i c able to the Was te 
I so l at ion Pi lot Pl ant ( W I PP ) opera t ion . Fur thermore , such 
c r i te r i a  should ad dress the rang e o f  doses that IX>E con
s iders acceptab l e  as a re sul t of acc idents . For example , 
o n  page 3- 1 5  the E I S  states tha t  as a re s u l t  of d r i l l ing 
i n to the s tored spent fuel 1 0 0  ye ars af ter a repo s i tory is 
s e a l ed , the d r i l l- c rew geolog i s t  co uld rece iv e  a dose of 9 0  
rem ( 1 8 t i mes oc c upat ional dose of 5 rem/year ) . Please 
note that s e c t ion 2 . 2  and Append i x  G of IX>E/E IS-0 0 4 6-D on 
t he manag emen t of commerc i a l l y  generated rad ioac t iv e  was tes 
c onta i n s  such a d i sc u s s ion . 

I n  as sess i ng the acceptab i l i ty o f  the propo sed WIPP , the 
r ad iolog ical impac t from tran sporta t ion , normal opera tions , 
operat ional ac c id ent s , and long- term impac t s  are cr i t ic a l  
c ons id era t i on s . Sec tion 1 . 4  presents a n  env ironmental 
a na l ys i s of al terna t iv es . A summary table or mat r i x  showing 
the rad iolog ical impa c t  of each al terna t iv e  would serv e to 
more clearly iden t i fy such impac ts . 
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- 2-

There ne ed s to be a d i sc us s ion of th e fac i l ity emerg enc y 
p l an , par t i c ularly wi th re spe c t  to coord inat ion wi th state 
emerg ency rad i a t ion plan s . Such a d i scuss ion sho uld al so 
i nc l ude coord inat ion ef forts wi th lo cal med ical fac i l i t ie s . 

There i s  i n su f f ic ient  in format ion for determ in ing whe ther 
e nv ironmen tal pa thways and mod e l s  prov ide acc urate es t imate s 
o f  do ses tha t  the popu l a t ion wo uld be subj ec ted to under 
normal ope ra t i ng cond i t ions and acc ident s i tuat ion s . 

S ec tion 9 . 2 . 1 0 desc r i be s  the impa c t  o f  ro u t i ne re leases 
of rad ioa c t iv ity from fac i l i t y  operat ions . The e s t imates 
o f  popu lat ion and ind iv id ua l  exposure are es t i mated us i ng 
t he AI RDOS- I I  Cod e . I t  i s  no t ev ident from the pre se n ta
t ion that there are uncer t a i n  t i e s  in the input data tha t  
s ho uld b e  iden t i f i ed . I t  wo uld be he lpf u l  to know the 
r ange of do s e s  a s so c i a ted wi th the es t i mates pre sented in 
Tab l e s  9 - 17 through 9 - 27 . 

The u s e  of AI RDOS- I I  Cod e  to compu te do ses to popu lat ions 
f rom env ironmental pa thways as a ba s i s  for popu l a t ion do se 
c ar r i e s  w i t h  i t  an accuracy connota t ion th a t  may or may no t 
e x i s t . I t  i s  no t ev id ent from the DE I S  or i t s  re ference 
that the do se mod e l  ha s been v er i f i ed by means o f  f i e l d  
t e s t i ng and analys i s  o f  real t i me mon i to r i ng � da ta . 

F inall y ,  the i mpa c t  statement lacks in formation on moni
tor i ng as soc i a ted wi th drinking wa ter , human food , an i mal 
f eed and the i r  prod uc t s , such as m i l k ,  and the d i sposal 
of  rad ioac t i v e  plan t wa s te s . 

St2r:::;:_urs� 
Charles Cus tard 
Director 
O f f i c e  of Env ironmental Af f a i r s  
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Uni ted States Department of the Interior 
OFFICE or THE SEC RET AR y 

WASHI :\GTON, D.C. 20240 

ER 79/388 

Honorabl e Ruth C l u sen 
As s i stant Secretary for Envi ronment 
Department of Energy 
Wash i ngton , D . C .  20545 

Dear Ms . Cl u sen : 

OCT 3 1979 

Thank you for your l etter of Apri l 1 8 ,  1 979 , transmi tti n g  cop i es 
of the draft envi ronmen tal impact s tatement for the Waste I sol ati on 
Pi l ot Pl ant , Eddy County ,  New Mex ico .  

As you may be aware , the I RG revi ew of  the nucl ear waste managemen t 
prog ram as  wel l as  the DOE draft Envi ronmental Impact Statemen t for 
Corrrnerci a l l y  Generated Was te has i dent i f i ed a number of outstandi ng  
s c i entific  and tech n i cal  concerns associ ated wi th the di sposal  of  
h i gh - l evel and- transuran i c  was tes . Many of these concerns are 
refl ected i n  our comments on the revi ew of the W I P P  GE I S  s i nce the 
W I PP GE I S  conta i n s  propos a l s for the d i s posal  of h i gh- l evel and 
trans uran i c  wa stes . We are a l so aware that the W I P P  project has  
been s ubstanti al l y  a l tered in  the  FY ' 80 au thori zati on process  and 
that the Pres i dent i s  currently del i berati ng  the ro l e  of the W I PP  
Proj ect i n  the overa l l nucl ear waste managemen t program . 

Our comments are pri nci pal ly addressed to the propos a l  conta i ned i n  
the W I PP GE I S  and s peci fi ca l l y  to the d i s pos a l  o f  h i gh - l evel  was te/s pent 
fuel  at that s i te .  From a NEPA and  FLPMA v i ewpo i n t ,  we bel i eve the 
current G E I S  wi l l  have to be s ubstanti a l l y  rev i sed and suppl emented 
i n  order for thi s Department to make use of i t  i n  s upport of any l and  
wi thdrawal deci s i ons we may wi sh  to ma ke at  that s i te .  Thus , our 
s peci f i c  concerns are d i s cussed i n  each of the sections bel ow wi th 
a v i ew that DOE ' s  s ubsequent impact statement wi l l  be rev i sed to take 
into account our concerns , espec i a l ly those concerns under FLPMA . 
We wi l l  be p l eased to work wi th you i n  the rev i s i on of the W I PP G E I S  
to the extent that we have the capabi l i ty to d o  so . 
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Rel at ionsh ip  to the  I RG Report 

The Presi dent has  recogn i zed the illlTled iate and l ong-term probl ems of 
nucl ear was te management.  I n  March 1 978 , he  establ i s hed a Federal 
I nteragency Revi ew Group ( I RG )  for nucl ear was te management . The I RG 
publ i s hed a f ina l  report i n  March 1 979 s pec i fy i ng recommendati ons fo r 
the overhaul  and  reori entati on  of  the Federa l  Government ' s  waste manage
ment p rogram . Add it ional ly , the I RG work is  cons i dered to be the 
base l i ne of  pol i cy experti se  i n  the Federal Government.  The I RG repor t  
devotes cons i de rab l e attention t o  the deve l opment of a n  i n termedi a te
scale faci l i ty .  Al though the  I RG report does p rovi de that the 
i ntermed iate-sca l e  faci l i ty cou l d be contemp l ated at the W I P P  s i te ,  
the I RG a l so defi nes a p rocess  of s i te sel ecti on for h i gh - l evel , spen t 
fuel , and transuran i c  was tes i n  di ffe ri ng  geol og ic  med i a  i n  d i verse 
geol og i c  envi ronments . The f ina l  s tatement s hou l d  eval uate the W I PP 
Project i n  l i ght of the I RG a l ternati ves wi th a v i ew of how the proposed 
WIPP Project conforms wi th the recomnended p rocess l ai d  out by the I RG .  
Thi s  shou l d  b e  done i n  a thoroug h  manner so tha t i t  can b e  readi ly 
impl emented . 

For exampl e ,  the  I RG report i nd i cates that a l though more i s  known about 
the engi neeri n g  as pects of  a reposi tory i n  sal t than other medi a ,  on 
pure l y  tech n i cal  grounds , no parti cu l ar g eol ogi c host med i um i s  an 
obv i ou s  p referred cho i ce at thi s time .  The I RG report al so  i ndi cates 
that the capabi l i ty mus t be devel oped to characteri ze and eval uate medi a 
i n  a number of geol ogic  envi ronments for pos s i b l e use  as repos i tori es  
bui l t  wi th conventional  mi n i ng technol ogy.  The WIPP  DE I S  on ly  d i s cusses  
sal t as  a host  medi um .  However , the  I RG report d i s cu s ses the  exi s ti ng  
and potenti a l  a l ternati ves for geol ogi c and hyd rol ogi c cond i ti ons  
necessary to  s tore nucl ear was te .  Thus , the  E I S  i s  i nadequate because 
of the omi s s i o n  of  a credi b l e d i s cuss ion of  al ternati ve geol og i c  host  
envi ronmen ts . Thi s  po i nt i s  d i st i nct from p rogramnati c a l ternati ves 
for di s posal  o f  nucl ear was te s uch as buri al  at sea , rocke ti n g  the was te 
i nto outer s pace , etc . 

The ul timate cri terion for geo l og i c  host medi a  i s  the successful i sol a
tion of rad i oacti ve was te (TRU , HLW , etc . ) for peri ods of  t ime rang i ng 
from 1 , 000 years to 250 , 000 years . Duri ng  such  a l on g  ti me fra�e , a 
number of factors may chan ge i ncl u d i n g  cl imate , geol og i c  stabi l i ty ,  and 
the exi s tence of man on  earth , etc.  The W I P P  DE I S  does not o ffer a 
cred i bl e  d i s cuss i on ,  i n  s impl e Eng l i sh ,  of  the experti se  that wou l d  be  
necessary to characteri ze the i ntegri ty of a nucl ear waste d i s posal  
s i te for 1 00 , 000 years or  more , l et a l one prov i de i ns ti tuti onal  s urety 
that such a s i te cou l d be ma i ntai ned over that time period . 
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The Envi ronmen ta l  Protecti on Agency i s  now prepari ng f i na l  regu l ati ons 
for standards on a cceptab l e l eve1 s of rad i oacti v i ty in  the envi ronment .  
EPA ' s standards  are genera l ra ther tha n s i te-spec i fi c .  The  I RG and  E PA 
have recogn i zed that zero re l ease  of rad i oacti v i ty cannot be a ssured . 
The I RG urges that i C; i s  more feas i bl e  to defer the cho i ce of was te 
technol ogy so the u l t imate cho i ce of d i spos a l  options wi l l  factor i n  
EPA ' s cri teri a .  The ·W I PP DE I S  does not address the need for appl i ca
ti on bf the cri teri a to  a n  i ntermed i ate-sca l e  fac i l i ty .  Thi s  i s sue  
shou l d be  addressed i n  the  f ina l  statement .  Secondl y ,  s i n ce the  purpose 
of the GE I S  i s  to establ i sh the sc i enti fi c feas i bi l i ty of purs ui ng 
mi ned repos i tori es and defi n i ng the necessary supporti n g  programs , e . g . , 
R&D ,  etc. , to accomp l i sh that purpose , the W I P P  E I S  shou l d  al so address  
the  rel at ion s h i p  between the  W I PP Proj ect and  the overa l l was te man age
ment program a nd i ts spec i fi c  rol e  i n  the overal l program. 

Outstandi ng Techn i ca l  I s sues  

We recogn i ze that some of the proposa l s conta i ned in  the  document may 
be moot becaus e  of Pres i denti a l  and Congres s i on a l  deci s i ons . Nonethel es s  
we have responded t o  the documen t  as  i t  exi s ts . 

Before any waste i s  emp l aced on a retri evab l e b a s i s ,  the waste-fonn 
questi on wi l l  obv i o u s l y  have to be settl ed . Before any was te that 
produces s i gn i fi cant amounts of heat i s  empl aced on a retri evab l e bas i s ,  
the exact mechan i sm and s i gn i fi cance of mi grati on of fl u i d  i nc l u s i on s  
i n  the s a l t t o  the heat source mus t b e  determi ned . 

Before l a rge amounts  of waste are empl a ced on a nonretrievabl e bas i s ,  
the hydro l o g i c  f l ow system must be more comp l etel y  chara cteri zed , 
especi a l l y  the q ue s t i on of  rad i onucl i de retardati on and  the detai l s  of 
fl ow-through features i n  the Rustl er Formati on . I n  add i t i o n , the 
permeabi l i ty a nd effecti venes s  of backfi l l  materi a l s  a nd the poten ti a l  
for the s uccess fu l  seal i ng of  s hafts must b e  known . As s urances that 
there are no  l arge bri ne pockets i n  the v i ci n i ty of the s i te mu s t  be 
ava i l ab l e .  A more preci s e  estimate of l ong-term ri s k  must a l so  be made 
i ncl u d i ng tecton i c ,  c l imati c ,  or other factors wh i ch mi ght  i n i ti ate a rel ease  
from the  repos i tory ( s uc h  a s  by brecci a  p i pe formati on } , s horten the fl ow 
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path between the reposi tory and Ma l aga Bend , o r  res u l t i n  l os s  of 
d i l ution by the Peccs Ri ver a t  Ma l aga Ben d .  Work on a l l of these 
topics is  currentl y  underway .  

Before a deci s i on i s  made to p roceed wi th l i cens i n g  a t  the W I P P  s i te ,  
the d i ffi cu l t i s sue  of future human i ntrus i on and the ri s k  posed by i t  
mus t  be resol ved . Whether or not a l ternati ve s i tes and med i a  a re i ndeed 
comparabl e i n  l ong-term ri s k ,  and s uperior or i nfer ior  as  regards 
attra cti veness  for future i ntrus i on , .  s houl d be  a sses sed at  an early date . 
An R&D effort to make these compari s ons  s houl d be  part of the nati ona l  
program t o  achi eve sati s factory means  o f  waste d i s posal . These a re a l l 
s ign i f i cant techn i ca l  i ss ues  that mus t  be resol ved befo re rel i an ce on 
the ri s k  asses sments model  resu l ts a s  conta i ned i n  the draft E I S  can be 
undertaken wi th a ny degree of confi dence and credi bi l i ty .  

Format o f  the Draft Statement 

The fonnat of thi s envi ronmental impact s tatement is d i sorgan i zed and 
confus i ng .  For exampl e ,  a descri pti on of the p ropos a l  s hou l d be 
systemati ca l ly  s et forth . Wi thout a compl ete understand i ng of the 
proposa l , it i s  not pos s i bl e  to unders tand the impact� on  the e nv i ron
ment of that proposa l .  Unfortunatel y ,  the proposa l  is not cl early set 
forth i n  a ny one s ecti on i n  the E I S .  That part of the p roposal  rel a ti ng  
to transportati on of the  rad i oact i ve waste is  found in  the fi rst ha l f of 
Chapte r 6 .  Other parts of the p roposa l  a re found i n  the l a tter part of 
Chapter 8. To l earn of the was te forms that are part of the overa l l p l an 
one mus t  turn to Chapter 5 and the centra l  s ecti on of Chapter 5 .  The 
descri pti on of geol ogy , hydrol ogy and a rchaeol ogy a re found i n  Chapter 7 .  
The l and  u se  descri pt ion i s  parti a l l y  l ocated a t  the beg i nn i ng of  
Chapter 8 a nd parti a l l y in  Chapter 1 2 . A descri ption of the s ceni c ,  
h i s tori c a nd cu l tura l  resources i s  l ocated i n  Append i x  H i n  Vol ume 2 of  
the document .  Append i x  I in  Vol ume 1 of the document conta i ns a 
descri pti on of three other envi ronmental parameters . I n  other words , 
the des cri pt ion of the envi ronment i s  spread through  three chapters and 
two append i ces . For the reader to put  i t  together i s  a maj or  underta k i ng . 

Impacts from the proposal  are l i kewi se  spread throughout vari ous  s ecti ons in  the document .  I n  the a l ternat i ves  chapter ( Chapter 3 )  the a l ternat i ve 
of " no acti on '' i s  con s i dered i n  two pages . However , th i s a l ternati ve i s  
not ful l y  di scus sed there . Part of the a l ternati ve of " no acti on"  i s  to 
l eave the waste i n  I daho . The impact of that can be found i n  Secti on 7 
of Chapter 9 .  S imi l ar probl ems can be found wi thi n  Chapters 6 and 9 .  
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We a l so  reconvnend that add i t i onal  effort be taken to reduce technical  
jargon to  make the statemen t more understandabl e .  

We be l i eve that the exact nature of the proposed acti on must be descri bed , 
a l ong wi th a l ternati ves to the proposed acti on ,  the envi ronmental conse
quences of the proposed acti on and al ternati ves ; and pos s i b l e  termi nat i on 
of the wi thdrawal . Thi s  s i te cou l d  be d i squa l i fi ed for techn i cal  or  
i nsti tuti onal reasons , found to be  u l timate ly  unsui tabl e ,  o r ,  a l ternati vely , 
retri evabi l i ty probl ems coul d occur . We bel i eve the draft E I S  fa i l s  to 
adequately ana l yze these i s sues . Moreover , the s i te characteri zati on 
and .eval uati on fai l s  to comply  wi th the Federal Land Pol i cy and Management 
Act of 1 976 ( FLPMA) and the Nati ona l Envi ronmental Pol i cy Act of 1 969 
( NEPA) and hence , i s  i nadequate for the purposes of cons i deri ng  a 
wi thdrawa l of publ i c  l ands . F i na l l y , i f  the Department  of Energy has 
changed the purpose of the W IPP s i n ce the draft E I S  was rel eased , then 
the current document i s  i nadequate by defi n i tion . I n  such case , a 
suppl emental E I S  wi l l  be requi red at a mi n i mum. 

Ana lys i s  

The E I S  conta i n s  outdated data and a consi stent l ack of a n  analys i s  of 
the envi ronmenta l impacts of the proposed action i n  a number of areas . 
Add i t i onal l y ,  a l ot of facts and stati sti cs  are g i ven , but pragmati c 
analys i s  of the effects on the envi ronment of those facts and f igures 
is  l acki n g .  Impacts are frequently spl i t  up  i nto consti tutent parts 
and are not eval uated cumu l ati vel y .  For examp l e ,  the analys i s  o f  the 
impacts of noi s e  by the operati on of the p l ant i s  found i n  Secti on 9 . 2 . 5  
on page 9-26 .  I t  begi ns  wi th a short statement as  to what no i se  standards 
are .  _Why th i s  i s  conta ined i n  the impact secti on rather than the envi ron
mental setti ng sect ion  i s  unknown . Moreover , the cri teri a used are 
outdated . The cri teri a used were establ i shed by the Department of 
Hous i ng and Urban Devel opment pri or to the passage  of the Noi se Control 
Act of 1 972 and thus are outdated . Add i ti onal l y ,  the appl i cabi l i ty of 
HUD s tandards ( for urban areas } to a rural s i te i s  a l so  unexp l ai ned . 
We bel i eve the use of more recent cri teri a devel oped by the Envi ronmental 
Protecti on Agency cou l d  a l ter thi s  anal ys i s .  

The materia l  on noi se  i s  then broken down i nto s i x  categor ies ; however , 
the impacts i n  each of these categori es are not exami ned cumu l ati vel y .  
For each category the E I S  states what the noi se l evel i s  expected to be 
wi th no ana l ys i s  of what that noi s�  l evel means . Several times the 
document states that wi l d l i fe "wi l l  become accustomed" to the noi se  
l evel s .  However , the probabi l i ty of ,  or the l ength of ti me for , 
wi l dl i fe acc l imi ti zation are not eval uated . Speci fi c effects upon 
wi l dl i fe from no i se are not eval uated . 
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J n  the transportat i on of the nucl ear wastes the i mpacts of • i nten t i onal  
destructi ve acts , 11 di scussed i n  a few l i nes at Secti on 6 . 8 ,  are d i smi ssed 
by s ay i ng that the wa stes are packa ged so wel l , the packaging  coul d 
hard ly be breached . And i f  fo r some reason they are breached , there 
woul d be " re l ati vely l i mi ted consequences . "  Evi dence of analys i s  to 
support that concl u s i on shou l d  have been presented , pa rti cul arly s i nce 
we are unaware of wha t  the state-of-the-art on packa g i n g  i s  today , or 
wha t the propos ed wa ste form i s l i kely to be s i nce the Depa rtment of 
Energy doesn ' t  p l a n  mak i n g  thi s deci s i on before the early 1 980 ' s .  I n  
add i ti on ,  cons i dera b l e  a ddi ti onal i nformati on about the transport of 
radi oacti ve was tes to th i s  spec i fi c s i te s houl d have been i ncl uded . 

I t  i s  d i ffi cul t to f i nd any assessment of miti gati on acti ons i n  
Secti on 9 . 1 . 5 .  For exampl e ,  under l andscape res torati on the analys i s 
1 s  as fo l l ows : 11At the compl eti on of cons tructi on , al l areas d i s turbed 
by constructi on and not requi red for permanent faci l i ti es wi l l  be re
graded and leeded . 11 That i s  the enti re di scuss i on .  I s sues such as 
seeded wi th what sort of vegetati on ; in wha t  areas ; how l arge of an a rea ; 
wi l l  the reseed i ng work ;  what wi l l  be the i mpact of the regrading and 
reseedi ng of the area a re never addres sed . Thi s enti re secti on s hou l d 
be rev i sed to assess the effecti veness of the mi t i gati on acti ons proposed . 

There has been a l ot of i nformati on i n  the publ i c  press recently on 
rad i a ti on exposure to workers i n  uran i um mi nes and other h i gh ri s k  are·as 
over . past  years . We be l i eve the di scus s i on of exposure shoul d be 
expanded i n  the final  s tatemen t .  Very l i ttl e di scus s i on of the i ndi rect 
impacts on pl ant and animal l i fe ( l i vestock ) attri butabl e to radi at i on 
exposure to so i l s  a nd forage pl ants near the s i te ,  nor at i nterva l s from 
that s i te has been presented.  Addi t i onal l y ,  an expl anati on shou l d be 
given as to how rad i oact i v i ty i s  measured and how the vari ous uni ts of 
measure re l ate to human heal th and safety .  The effects of certa i n  
rad i a t i on doses s houl d be descri bed so that they may be compared wi th 
those pos s i bl e  in the repos i tory area based on dosage estimates g i ven i n  
the draft s tatement.  

The dra ft statemen t u ti l i zes three s ources of data in vari ous secti ons 
of the document wh i ch address the amounts of resources and reserves of 
potash mi nera l i zati on present in the W I PP a rea . These sources cons i s t 
of the Geol ogi cal Su rvey Open-fi l e  Report 78-828 , 1 978 ; U . S .  Bureau of 
Mi nes report , November 1 977 , and the Ameri can I nsti tute of Mi n i ng 
Eng i neeri ng report , 1 978.  Large d i fferences exi st i n  the res ource-reserve 
esti mates presented by these documents . These di ff�rences are l a rge ly 
due to vari a t i ons in  cri teri a chosen by each source to eval uate resources 
and reserves under the defi n i ti ons of Geol og i cal  Survey Bul l eti n 1 4 50-A . 
Va l ues used i n  the dra ft s ta tement have been sel ected and used wi thout 
any cl ear exp l anati on as to why they were chosen . 
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There a l so appears to be l i ttl e evi d�nce of fol l ow-through i n  the 
document .  For examp l e ,  Secti on 9 . 2 . 1 3  i s  a d i scuss i on of mi ti gati on  
of  impacts caused by p l ant operation . Three of the i mpacts menti oned 
in the impact secti on on p l ant operation are ( a )  effects of non
radi oacti ve-waste d i s charges , ( b )  impact of routi ne rel eases of 
radi oactiv i ty ,  and ( c )  radi ation exposure of the work force . These 
three areas of  i mpacts are not even menti oned i n  the mi ti gati on secti on .  
The E IS  concl udes that the proposed action and  a l l of i ts aspects 
throughout 1 00 years of i ts l i fe , i ncl ud i ng the transportati on of the 
waste product , the excavation of the mi ne , the storage , the testi ng , 
the various d i fferent radi oacti ve waste products , potenti a l  acci dents , 
l eakage , etc . , and a l l impacts are smal l " save two 11 : fi rst ,  a l ong
tenn den i a l  of access of 3 percent of the Un i ted States reserves of the 
mineral l angbe i n i te and , second , i f  there i s  any dri l l i ng i n  the s i te 
dur i ng the next 1 00 years , members of the dri l l i ng crew cou l d be exposed 
to doses of "above penni ssi b l e  occupati onal exposures . "  I n  v i ew of the 
many outstand i ng sci enti fi c and tech n i cal  uncerta i n ti es i n  the GEIS , 
we do not understand how these concl us i ons can be supported . 

Treatment of Al ternati ves 

A most seri ous  defi c iency i n  the W I PP draft E I S  i s  i ts treatment of 
al ternati ves ; The enti re d i scus s i on of a l ternati ves i s  l imi ted to 
33 .Pages , approxi mately ha l f  of wh i ch i s  a d i scussi on of the impacts 
of the proposed acti on . S i x  other a l ternati ves are d i s cussed , fi ve of 
whi ch re l ate to vari ati ons wi th i n  the proposa l  and only one i s  a n  
al ternati ve outs i de o f  the proposa l ,  namely , the " n o  acti on"  a l ternative .  
Three defi c i enc ies  exi s t :  ( l ) fa i l ure to treat a number o f  other 
reasonabl e a l ternati ves ;  ( 2 )  fa i l ure to provide a s uffi ci ent analys i s  
of those a l ternati ves whi ch are consi dered ; and ( 3 )  fa i l ure to comply 
wi th the provi s i ons of FLPMA by provi d i ng analyses as to why the W I PP 
s i te i s  the bes t s i te for i ts i ntended use under section 204 ( c ) . We 
bel i eve these must  be remed i ed i n  the revi sed draft. 

There is some d i scussi on fn the E I S  of s i tes i n  Was h i ngton and Oregon . 
These are l ava formati ons geol og i ca l ly ·  i denti fi ed as  the Col umb i a  Ri ver 
basal ts . Th i s  formation i s  very exten s i ve i n  southeas tern Washi ngton 
and northeastern Oregon . Surface and s ubsurface management  on many 
tracts i n  these  areas i s  under the j uri sdi cti on of th i s  Department ' s  
Bureau of Land Management .  As a resu l t ,  we are concerned that the 
statement does not i denti fy envi ronmenta l  i mpacts for these a l ter
native s i tes whi ch may be on publ i c  l ands .  
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Add i t i onal l y ,  the statement docs not conta i n  s uffi c i ent data to i den t i fy 
or uti l i ze i mpacts on  wa ter resources , range l and use  for l i ves tock 
and wi l d l i fe ,  fores try , cu l tura l  resou rces , wi l dernes s , a reas of 
cri t i ca l  envi ronmental  concern , o i l and gas  exp l orat i on and extract i on , 
and nonenergy m inera l s ;  nor does i t  quanti fy impacts to any re l eva n t  
degree . The G E I S  deal s on ly  i n  genera l i zati ons wi t h  regard to 
envi ronmental  impacts as soci ated wi th a l ternati ves to the proposed 
acti on . We be l i eve these i mpacts must be more ful ly addressed i n  the 
revi sed E I S .  

S i te Sel ecti on and Land W i thdrawa l 

The process of  s e l ecti on u sed between 1 973 and  1 97 6  to se l ect the 
WIPP s i te i ncl uded con s i derati on of numerous  a l terna ti ve s i tes i n  
sa l t envi ronments on l y .  The process  a l so i nvol ved the taci t a s s umpt ion 
tha t comp l ete conta i nment wo u l d  be provi ded by the sa l t formati ons . 
Ground\\la ter fl ow paths from the potent i a 1 repos i tory to the b i  os phe re 
were cons i dered i n  the ana l ys i s  of a l ternate s i tes  but not from a 
regi ona l  v i ewpo i nt early i n  the ana l ys i s .  Sorpti ve capaci ty of the 
roc ks a l ong the fl ow path , as  a s i gn i f i cant barri er to nucl i de move
ment , was not a fa ctor i n  the s i te se l ecti on cri teri a (fjbwers , et a l . ,  
1 978 ,  p .  9 - 23 ) .  The approach used to s e l ect the W I PP s i te refl ected 
the h i s tori ca l v i ew at  the t ime that s a l t wou l d be the emp l acement 
medi um .  Recently ,  howeve r ,  emphas i s  on the tota l geohydro l og i c  
sys tem i n  the s i te-se l e cti o n  process  h a s  become the key i tem o f  con
cern . ( I n teragency Rev i ew Group , 1 979 , p .  42 ) Wh i l e  we a re 
sympa theti c wi th the notion  that i t  i s  d i ffi cu l t to retrofi t new 
cri teri a  to ex i st i ng s i tes , beca use of hea l th and  safety cons i derati ons , 
we bel i eve the W I PP s i te-sel ect i on process s houl d be rev i ewed i n  l i ght  
of recent tech n i ca l  f i ndi ngs and  the  systems approach . 

An important cr ite ri on for s u i tabl e geol ogi c  hos t  forma ti ons i s  that 
they have not been exten s i ve ly  dri l l ed , mi ned , or  a l tered by the hand  
of man .  Th i s  i s  a l so a prime characteri sti c for ex i s t i ng a nd poten t i a l  
wi l dernes s  areas . The s tatement fa i l s  to d i scuss  any rel ati ons h i p  
between potenti a l  a l ternat ive geo l og i c  med i a  and pos s i b l e  env i ronmenta l  
impacts on the i ntegri ty of exi s t i n g  or  potenti a l  wi l derness  areas , s uc h  
as  the W I PP s i te .  The Bureau of Land Management i s  revi ewi ng  publ i c  
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l ands for potent ia l  wi l derness val ues under Section 603 of the Federal 
Land Pol i cy and Management  Act of 1 976  (43 U . S . C .  1 782 ) , and Secti on 2 ( c ) 
of the Wi l dernes s Act of 1 964 ( 1 6  U . S . C .  1 1 31 ) . BLM ' s wi l dernes s  
rev i ew proces s  and a l l  i denti fi ed potent ial wi l derness areas must  be 
taken i nto cons i derati on i n  any d i scussi on of the envi ronmenta l i mpacts 
associ ated wi th a l ternati ve geol og i c  formati ons  cons i dered for nucl ear 
was te d i sposal  s i tes . The Bureau ' s  greatest concern i s  that the s i te 
sel ecti on , characteri zati on , and eval uati on process wi l l  i nvol ve many 
potentia l  l ocations on publ i c  l ands and s ubsequent appl i cati on for 
wi thdrawal s for future s i tes , i ncl udi ng a l ternati ves to the WIPP  s i te .  
These must  be addressed i n  order to comply  wi th FLPMA . 

A l and wi thdrawal for 250 , 000 years i s  necessari l y  an i rrevers i bl e  and 
i rretri evabl e corrani tment of resources .  A cred i bl e d i scu s s i on of al ter
nati ve s i tes s houl d address the re l ations h i p  between current , l ocal , 
s hort-term uses  of man ' s  envi ronment and enhancement of l ong-term 
product iv i ty .  The a rgument has  been made i n  the statement that a 
demonstrated capabi l i ty to i so l ate nucl ear wastes i n  geol ogi c host med i a  
i s  necessary to promote safe use  o f  nucl ear materi al s for the nation . 
However ,  the trade-offs between storage of nucl ear waste and exi sti ng  
uses of publ i c  l ands have not been g i ven the attention they deserve i n  
the WIPP draft E I S . 

For examp l e ,  sect i on 8 . 1 . 3  states  that two 5-acre and two 20-acre 
bi ologi cal s tudy p l ots wi l l  be formed out of control zone I I .  However , 
there i s  no d i scuss i on of the studi es to be conducted there nor how 
the resu l ts of th i s  mon i tori ng wi l l  be u sed to promote publ i c  s afety , 
or prevent d i rect i mpacts of radi ati on on p l ants and an i mal s .  I n  
section 2 . 3 . 2  i t  i s  s tated that 1 7 , 200 acres o f  publ i c  rangel ands woul d 
be requi red for the W IPP wi thdrawal , wh i ch ,  i n  turn , wou l d  requ i re 
cancel l ation of exi sti ng g raz i ng and mi nera l  l eases . However , 
s ecti on 8 . 1 . 3 a l so s tates that graz i ng wou l d  be al l owed i n  contro l 
zones I I ,  I I I  and I V .  There i s  no d i scus s i on of how th i s  graz i ng  use 
woul d be managed , ei ther by BLM ,  the W IPP s i te manager , the State of 
New Mex i co , etc . S imi l ar ly ,  there i s  a reference that mi n i ng may be 
a l l owed i n  zone I V  wi th no d i scuss i on of how th i s  mi n i ng use woul d  be 
managed i n  a way not to i nterfere wi th the i ntegri ty of the repos i tory . 
Wi thout th i s  i nformation i t  i s  not pos s i b l e  to quanti fy the economi c 
effects of the wi thdrawa l nor des i gn al ternati ve a l l otment  management 
pl ans to attempt to mi ti gate these effects . 

As i s  the case for a l l wi thdrawal s ,  compl i ance wi th the requ i rements of 
the Federa l  Land Pol i cy and Management Act of 1 976  and the Nati onal  
Envi ronmenta l  Pol i cy Act of 1 969 i s  mandatory .  The requi rements i n  
FLPMA and NEPA appl i cabl e to s i te characteri zati on and eval uati on of a 
potenti al s i te are equa l l y  appl i cabl e to the proposed acti on and i ts 
a l ternati ves as  descri bed i n  the W I PP draft statement .  
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The Department  o f  Energy has descri bed the W I PP  s i te as be i n g  des i gned 
for defense was tes (TRU , HLW ) , and al so for commerci a l  s pent n uc l ea r  
fuel . I f  the W I PP s i te i s  i ntended as a repos i tory for h i gh- l evel  
wastes , and  not  merely  for research  and  devel opment , then  the  potenti a l  
envi ronmenta l i mpacts o f  that proposed acti on , a n d  a l ternat i ves , must 
be descri bed accord i ng ly .  Fa i l ure to  do  so wou l d  l eave the  document 
i nadequate by defi n i ti on .  

In add i t i on , section 9 . 2 . 1 0 descri bes the i mpact of rout i ne re l eases of 
radi oacti v i ty and expos u re pathways i n  the envi ronment , and secti on 9 . 3  
descri bes the envi ronmental i mpacts of acci dental rel eases of rad i o
activi ty on  h umans . A descri ption  i s  needed of the poten t i a l  adverse 
envi ronmenta l i mpacts of the re l ease of rad i oacti v i ty ,  p l anned or not , 
on so i l s , p l ants , wate r ;  and espec i a l l y  the l ong-term effects of  rad i o
acti ve res i d ual s i n  the envi ronment .  It  i s  not  pos s i bl e to  comp l ete l y  
eval uate the s hort- a n d  l ong -term impacts o f  t h e  W I P P  s i te on manage
ment of adj acent publ i c' l ands wi thout the above i nfonnati on . 

The W I PP s tatement does not i denti fy soci oeconomi c impacts of new 
popul ati on mov i ng to the area to bu i l d  or manage the W I P P  s i te .  Such  
impacts wou l d i nc l ude requ i red i ncreases i n  mun i c i p a l  servi ces , i nfra
structure , etc . , and the para l l el need for addi ti onal  tax revenues or 
other sources of fun d i ng to pay for the se new serv i ces and i nfrastructure . 
Addi ti onal i mpa cts m ight  be created by i ncreased demand for open space 
and recreati ona l  use of the publ i c  l ands , especi a l l y hunt i ng , fi s h i ng 
and �se of off- road veh i cl es . Fu rthe r i mpacts wou l d be experi enced 
after the emp l oyment associ ated wi th the constru cti on p hases l eft the 
Carl s bad area . Thes e i mpacts must a l so be addressed . 

Unsui tabi l i ty ,  Retri evabi l i ty ,  and Termi nati on 
of the Land Wi thdrawal  

The WI PP s i te cou l d u l t imate ly  be d i squal i fi ed for tech n i cal  or i n sti tu
ti onal reasons ; cou l d be  found unsu i tab l e ,  or , a l ternati vely , 
retri evabi l i ty probl ems coul d occur .  Add i t i onal l y ,  after 1 0 ,  perhaps 
20 years , the Departmen t of Energy may dec i de that an  a l terna t i ve s i te 
or s i tes are more s u i tab l e  for permanent s torage of nuc l ear wa ste . 
I f  any of these events were to occu r ,  the waste then on the s i te and 
al l associ ated i nfras tructu re wciu l d  be removed and the p roject wou l d  be 
termi nated . Termi nati on of the proj ect and  a wi thdrawa l wou l d  
potent i a l l y  i nvol ve  e i ther compl ete return o f  the s i te to mu l t i pl e  use 
resource management or s ti pu l at ion s  as to l i mi tati ons on u se .  
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The draft statement shou l d  di scuss how termi nation of the W I PP s i te ,  
under a vari ety of c i rcums tances , wou l d take pl ace and what l imi ta
ti ons or restri cti ons to assure publ i c  heal th and safety mi ght be 
necessary to return the wi thdrawal area to mu l ti pl e  use  resource 
management .  I n  other words , the draft statement shou l d  i nd i cate 
whether any rad ioacti ve materi a l s woul d remai n ,  and i f  so , how wou l d  
DOE arrange to prevent these materi a l s from hav i ng adverse envi ron
mental i mpacts on pl ants , an ima l s ,  humans , and  the envi ronment i n  
genera l . 

Further ,  i t  i s  uncl ear whether retri eval i s  to be cons i dered for 
1 0  years or 20 years . Page 2- 1 8  states ( number 1 ,  l as t  sentence ) 
" • • • i t  can be retri eved during a 20-year peri od i f  i t  becomes 
necessary to do so . 11 Th i s  20-year fi gure does not correspond wi th 
the f igure of 1 0  years g i ven on page 1 -2 .  The peri od for whi ch was te 
can be retri eved must  be represented cons i stently as i t  has a d i rect 
bear i ng on termi nation of the wi thdrawal i f  an a l ternati ve s i te i s  ever 
sought.  

These  i ssues shoul d be addressed . 

Ground Water 

It  i s  stated on page 1 -4 that the di ssol u ti on front at the top of the 
Sal ado Formati on i s  about two mi l es west of the center of the s i te and 
i s  advanc i ng toward the east at a rate estimated to be 6 to 8 mi l es per 
mi l l i on years . The l ocati on of the front i s  shown on fi gure 7-2 5 .  I t  
woul d thus appear that wi th current ari d c l i mati c cond it i ons and current 
hydrogeol og i c  condi ti ons the d i ssol ut ion front at the top of the Sal ado 
woul d  reach the center of the s i te i n  about 250 , 000 to 300 , 000 years . 
Furthermore , because changes i n  c l imati c condi t i ons are real i sti cal l y  
probabl e  wi th i n  the t ime frame i nvol ved { e . g . , U . S .  Commi ttee for the 
Gl obal Atmospheri c Research Program , 1 97 5 , Understand ing  c l imati c 
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change , a program for action : Nati onal Academy of Sci ences , Wa shi ngton , 
O . C . , p .  1 82- 1 90 ) , the s tatement s hou l d a l so assess  "worst-case '' effects 
wi th res pect to the d i sso l ution  front that may resu l t  from great 
i ncreases i n  preci p i tati on . Page 7-75  of the statement suggests tha t 
current rates for the d i s so l ution of sa l t may be s l ower than those 
suggested by present geo l og i c  cond i t i ons ; however , an adequate ana l ys i s  
shoul d  i nc l ude effects of the progres s i on of the d i s so l uti on front 
through the proj ect area both wi th and wi thout accel erated sol uti on i ng 
such a s  that apparently produced by cl imati c change duri ng Wi scon s i n  
time . I nc l us i on of at l east brief d i scus s i on of present knowl edge of  
past  and  probab l e  future c l i mati c change wou l d  a id  in  the asses sment. 

It i s  s tated on page 7-66 that l ows i n  the potent i ometri c surface of  
the Santa Rosa Sands tone aqu i fer suggest  recharge i nto underlyi ng roc ks , 
pos s i bly  through co l l apse zones . Because the underlyi ng De�1ey Lake Red 
Beds are s a i d  to funct i on as a confi n i ng bed ( p .  7 -65 ) , the reg i ona l  
extent of the Dewey Lake beds s hou l d be  di scus sed and  the pos s i b l e  
s i gn i fi cance o f  such downward l eakage s hou l d  be as sessed for the 
vi c i ni ty of the proposed project . 

Mi nera l  Resources 

A major  weakness  of the statement i s  that i t  fa i l ed to addres s properl y 
the mi n i ng probl ems as soci ated wi th deve l op i ng an underground d i sposa l  
s i te .  Major concerns are the stabi l i ty o f  the open i ng and d i sposal  of 
mi ned waste materi a l . 

The i mpact of the s urface d i s posal  and storage of the mi ned rock can 
be l es sened by l i n i n g  the storage s i te wi th hypa l on l i ners and us i ng  
chemica l  s tabi l i zers to  contro l w ind  and water eros i on ,  if  the sa l t 
crust  i s  not suffi c ient .  Then , after the mi ned materi a l  i s  retu rned 
to the underground areas , the s i te can be res tored . 

I t  i s  l i kely that some ground movement wi l l  occu r ;  however , wi th the 
improvements expected i n  underground bac kfi l l i ng techno l ogy , surface 
subs i dence and i nduced faul ting of the overly i ng strata cou l d  be 
negl i g i b l e .  I f  s i gn i fi cant faul ti ng d i d  occur r some groundwater 
penetrati on cou l d  be expected . 

The statement d i d  not d i scus s  the necess i ty of ground and surface water 
moni toring  ( i . e . , equ i pment , sampl i ng gri d ,  amount and t ime i nten s i ty 
of gathering  data ) .  Thi s  subject  s hou l d  be d i s cus sed i n  the fi nal 
statement. The statement shou l d a l so revi ew the probl ems of ma i nta i n 
i ng water qua l i ty i n  a d i sposal  s i te .  
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One potential  acci dent scenar io  that shou l d  be i ncl uded i n  Secti on 9-3 
i s  the pos s i bi l i ty of an undetected h i gh  pressure gas pocket l ocated 
near the storage fac i l i ty.  Over peri ods of ti me ,  carbonaceous materi al  
wi l l  tend to decompose and produce gases  whi ch may bui l d  up pressure 
to the po i nt of fracturing  the formati on , thereby compri s i ng i ts i ntegri ty .  
Moreover , duri ng  the operati ng l i fe of the d i s posal  s i te ,  the potenti a l  
for fi re and  exp l os i on i s  present whether ori g i nating  from spontaneous 
combustion or l eakage of methane or other gases . In the confi ned space 
of an underground m i ne ,  s uch a fi re i s  usual ly  more serious and more 
dama g i n g  than i t  wou l d  be above ground . Consequentl y ,  we urge that 
al l wastes , i ncl ud ing  rad ioacti ve combustib l es , be p l aced i n  a chemi cal ly 
stabl e cond i ti on before empl acement i n  the repo$ i tory .  

There i s  a great dea l o f  d i scus s i on on heati n g  o f  the bedrock and 
subsequent effects on aqui fers and surface upl i ft .  Of  equal importance 
is the deformation of the rock d uri ng  and after the cool i ng stage.  
General l y ,  fractures and microcracks generated in the bedrock from 
therma l l y  i nduced s tres s  wou l d  tend to open duri ng coo l i n g  and affect 
a i r  and water fl ow patterns through i ncreased permeabi l i ty .  

WIPP  wi l l  not impact s i gn i fi cantly on domesti c reserves o f  syl v i n i te 
and thi s �spect of the draft report wi l l  not be addressed here . However , 
accord ing  to 1 0- K  reports fi l ed for 1 978 by two l angbe i n i te producers , 
the total U . S .  reserves of recovered l angbei n i te ,  a l l near Carl s bad , 
is  1 1  mi l l i on  s hort tons  of K20 equ i va l ent.  The 4 . 4  mi l l i on K20 tons 
of l angbei n i te i denti fi ed in the W I PP s i te in our I POC November 1 97 7  
report for DOE then equa l s about 40 percent of Carl sbad reserves of  
thi s  mater i a l , i n s tead of the 1 1 . 6  percent g i ven i n  the th i rd paragraph 
of page 9-20 of the subj ect report . The tota l l angbei n i te resource i n  
the Carl sbad area i s  unknown a l though a cons u l t ing  f i rm ,  Agri cu l tural 
and I ndustr ia l  Mi neral s ,  I n c . , has recently estimated i t  to be 
14 mi l l i on tons  of K20 .  We s uggest that th i s  i s  overly conservative.  

Total l angbei n i te capac i ty of the two producers is  about 300 , 000 tons  
per year .  I t  fol l ows , then , that l angbei n i te reserve i n  the W I PP s i te 
wou l d  be depl eted i n  about 1 5  years at . the current rate of extracti on . 
The 5-year depl eti on figure g i ven i n  the fi rst  paragraph of page 9- 1 8  
of the subj ect report i s ,  then , i ncorrect.  

The statement conta i ns two other errors on page 9-20 . Fi rst , the thi rd 
paragraph g i ves l angbei n i te resource and reserve i n  K20 equ i va l ents ; 
th i s. s hou l d be as l angbei n i te wh i ch conta i ns 22 percent K20 and the data 
shou l d be mu l ti pl i ed accord ing ly  by 0 . 22 to g i ve resource and reserve 
fi gures of 1 3 . 9  and 8 . 4  mi l l i on tons of K20 ,  respect i ve ly .  Second , the 
fourth paragraph shows a l angbei n i te min i ng rate that i s  about 3 times 
too h i gh ;  the actua l  current rate i s  rou gh ly  300 , 000 tons per year of K20 . 
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The obvi ous concl us i on from a l l of the above i s  that the l angbe i n i te 
reserves i n  the Car l s bad area wi l l  be impacted by W I PP more s i g n i f i cantly 
than i ndi ca ted in  the subject report . However , the seriousness of th i s  
i s  decreased greatly by the fol l owi ng factors : ( a }  about three-quarters 
of the l a ngbei n i te reserves i n  the W I PP are i n  outer zone 4 of the s i te 
and cou l d ,  accord i ng to a l i ke ly  scenari o ,  be mi ned at a l ater date , 
perhaps i n  thi s century ,  ( b }  mixtures of  potas s i um s u l fate and 
magnes i um s u l fate , both of wh i ch are i n  amp le  domest ic  reserve or can 
readi ly be synthes i zed , appear to be a v i abl e a l ternat i ve to l angbei ni te 
for agri cu l tura l u se , and ( c }  l os s  of the l angbe in i te reserve i n  the 
WI PP s i te woul d not threaten the economic  stabi l i ty of the Carl sbad area 
or the Un i ted States . Neverthe l es s , we bel i eve that th i s  probl em of 
the wi thdrawa l of mi nera l resources in the W IPP  area s houl d be more 
ful ly  addressed i n  the f ina l  s tatement . 

A mo re bas i c  concern , however ,  was never addressed i n  the draft s tate
ment.  The s i ng l e  Waste I so l ation P l ant may not have a s i gn i fi cant 
impact on the m ineral resources nati onal l y ;  however ,  th i s  is j ust  a 
pi l ot for a number of s im i l ar faci l i t ies . I f  these are al l to be 
l ocated i n  s i mi l ar sa l t depos i ts ,  the potenti al l os s  of mi nera l resources 
for the v i ta l  producti on of food and energy may be q u i te s i gn i fi can t .  
On page 1 1 - 1  the document s tates that devel opment o f  the repos i tory wi l l  
deny access to 25  b i l l ion  cubi c feet of natura l gas , and 3 50 , 000 barrel s 
of d i s ti l l ate .  Th i s  den i a l seems to be a h i gh pri ce t o  pay for a dump , 
al bei t a very necessary one . For thi s reason , the f i na l  s tatement 
shoul d i ncl ude proj ecti ons on the number of Waste I sol ati on P l ant s i tes 
needed and the future demand for the mi neral resources . Thi s  i nforma
tion may show that al ternati ve buri a l  materi al s shoul d be used i n  
preference to sa l t that i s  i n  cl ose  as soci ati on wi th agri cul tural 
mi nera l s  and petro l eum resources . 

The geol ogy secti ons of the statement s hou l d  mention the potenti al for 
scienti fi ca l ly  val uabl e fos s i l s ,  especi al l y  i n  the Rustl er  formati on . 
Page 9-1 1 shoul d contai n a d i s cuss i on of the actions  wh i c h  wou l d  be 
taken to preserve any sc i enti fi cal ly  val uabl e fos s i l s  i f  found on s i te .  

Cul tural Resources 

We are pl eased to see the extent of the Department of Energy ' s commi t
ment to protecti ng the archeol og i cal resources of the Waste I sol ati on 
Pi l ot P l ant ( W I PP ) area . However ,  we wi sh  to po i nt out that the l ong
term management of  the area , whi ch i ncl udes nearly 20 , 000 acres , requi res 
more than project-spec i fi c archeo l og i cal  survey and mi ti gati on work 
confi ned to control zones I and I I  and proposed ri ghts-of-way . Al though 
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much of the area wi l l  not be d i rectly affected by the phy s i ca l  fac i l 
i l i t i es and constructi on  a s s oc i a ted wi th the W I P P ,  at l east 1 1  , 400 
acres wi l l  be ava i l a b l e  for o i l , ga s and potash devel opment l ea s i ng , 
and the ent i re area i s  open for stock g ra z i ng .  Therefore , as  manda ted 
by Executi ve Order 1 1 593 , secti on 2 ( a ) , the Department of Energy shou l d  
in i ti ate s urveys of a l l the a rea as soon a s  pos s i bl e i n  cons u l tati on 
wi th the New Mex i co S tate Hi stori c Preservati on Offi cer  in order to 
i denti fy the archeo l ogi cal  or other cul tural resources under i ts 
juri sd i ction  and contro l . 

The fi nal  statement s houl d i ncl ude p l ans  for avoi dance and/or mi ti gati on 
of the 33  archeo l og i cal  s i tes determi ned e l i g i b l e  for the National 
Reg i ster a s  an archeo l o g i cal d i s t ri ct , future cul tura l resource manage
ment for the a rea , and the appropri ate recommendati ons and op i n i ons of 
the State H i s tori c Preservati on Qffi cer and the Advi sory Counc i l  on 
Hi stor ic  Preservati on . 

Recreati on 

The i mpact of the addi ti onal workforce on nearby recreati onal a reas 
shoul d be address ed .  I t  i s  mentioned that  the primary recreati onal 
use of the p�oposed s i te i s  for hunti n g .  Howeve r ,  i t  i s  not menti oned 
if thi s u se  or  other recreati ona l uses wi l l  be  permi tted on those 
porti ons of �he s i te wh i ch wi l l  not be exten s i ve ly  deve l oped or  uti l i zed . 

Thi s project does not appear to have i mpacts or  potent ia l  i mpacts on  
any exi s t i ng un i t of the Nati ona l Park  Sys tem or on areas  under s tudy or 
recorrmendat i on for pos s i bl e i ncl us i on i n  thi s Sys tem. 

The W I PP System : Long-term Impacts 

The l ong-term effects , whi ch are the center of earth sc i ence concerns 
for al l hazardous waste repos i tori es , are j udged i n  the s tatement to be 
very s l i ght , based on a consequence ana lys i s  in wh i ch the worst pos s i b l e  
future scena r ios  are postu l ated and thei r l ong-te rm effects ca l cu l ated . 
The judgment that l ong-term effects wi l l  be s l i ght  stems partly from the 
l ow concentrati ons  and l ow total amount of some rad i onucl i des  proposed 
to be empl aced i n  the W I PP . I f  i t  were p l anned to empl ace h i g her  concen
trati ons and amounts of these nucl i des , a new E I S  wou l d  be requ i red . ! f  
a deci s i on i s  made to i nc i nerate TRU  waste as  a cri teri on for acceptance 
a t  W I P P ,  a s ubstanti al l y  l a rger amount of TRU cou l d  be d i sposed of than is cons i dered i n  th i s  E I S .  Such a deci s i on i s  very probabl e  because  of gas generati on from rad i ol ys i s ,  hydro l ys i s ,  and bacteri ol o g i ca l  acti v i ty 
i n  noni n c i nerated TRU wastes , and a l so the hazard from m ine  fi res i n  non
i nc i nerated waste . The waste form for i nc i nerated TRU waste ( pres umably 
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a concrete? ) shou l d  contri bute an as  yet unspeci fi ed amount toward 
COITITii tment .  The l ow l evel of effects i n  s cenari os i nvo l v i n g  mov i n g  
ground water a l so s tems from the ass ignment o f  s i gn i fi cant retardat ion 
for certa i n  l ong- l i ved nucl i des a l ong the natura l  fl ow path from the 
repos i tory to i ts present di scharge poi nt .  The actual degree of 
retardat ion has yet to be determi ned in s i tu or i n  comparabl e rock 
systems . Thi s optimi sti c as sumpti on regard ing  retardation  i s  partl y 
offset  by the pess im i sti c assumpti on that the rel ease rate for the 
was te i s  the same as  the rate of d i s sol ut ion of sa l t i n  the i nvadi ng  
waters . These l atter assumpti ons a re necessa ry because the fonn for 
the TRU was te has not yet been speci fi e d .  Thus , th i s  E I S  does not 
ful l y  eval uate the total waste d i sposal system at the W I PP and v i c i n i ty 
because s i gni f icant parts of the system a re e i ther unspeci fi ed (waste 
form and total  amoun� or  uncertai n  ( retardati on effects ) .  

The natural geohydro l og i c  system at  the W I PP s i te and v i c i n i ty appears 
to be favorabl e for contai nment i n  many respects . The postul ated fl ow 
path from the repos i tory to d i scharge i s  rel at i ve ly  l ong  and the estima ted 
times of water trans i t  range from 5 , 000 to 1 00 , 000 years depend i ng on 
the hydrau l i c conducti v i ty used i n  the cal cu l ati ons .  Th i s  hydro l og i c  
path shoul d provi de a barr i er for the short- l i ved fi s s i on p roducts from 
the spent fuel . Water movement i s  downward i n  the rocks above the fl ow 
path al ong i ts l ength maki ng the l i ke l i hood of sho rt-ci rcu i ti ng by natural  
or human acti v i ti es . s l i ght . Thi s  water wou l d  a l so be nonpotabl e  and 
unl i kely  to be uti l i zed by humans . The trans i t  t ime i n  i tsel f i s  not 
an adequate barri e r ,  however ,  for the l ong- l i ved transurani cs ;  s i gn i f i 
cant retardat ion mus t  take p l ace a l ong the path · i f the di ssol ut ion rates 
are as assumed . Sand i a  has begun experiments to detenni ne  the degree of 
retardati on , and the resu l ts a re encourag ing . There a re many acknowl edged 
uncerta i nt ies , however. One of the pri ncipa l  unce rtai n t i es concerns 
the extent of retardation i n  the Magenta and Cu l ebra members i n  wh i ch 
ground water fl ow i s  l argely  through fractures i n  dol omi te and dol omi ti c 
sandstone . I n  such  fl ow ,  the fl u i ds may be i n  contact wi th much l es s  of 
the sorbi ng materi a l s than they wou l d  be in  fl ow through a porous 
medi um . I f  retardat ion i n  the Magenta and Cul ebra i s  s ubstanti a l l y  
reduced for the transuran i cs ,  concentrati ons  o f  these nucl i des i n  the 
Pecos Ri ver at  Mal aga Bend wou l d s ti l l  be l ow but cons i derab ly  c l oser 
to the background un l ess l each times were on the order of 1 06 to 1 07 
years ( see GE I S ,  app .  I ,  fi g .  1 . 3 ) . G i ven the recent i ncreased concern 
wi th l ow l evel s of rad i a ti on , whether s uch a ri s k  wou l d be acceptabl e  
i s  not cl ear .  The pos s i bl e  effects of l ower retardati on a re not 
di s cussed i n  the E I S .  
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The same uncertai nties  concern i ng fl ow through fractures may al so affect 
the estimates of the reg i onal hydro l og i c  fl ow pattern . The d i recti on , 
vol ume , and rate of fl ow i n  the fractured Magenta and Cu l ebra aqu i fers 
al l have l a rge attached uncertai nties wi thout more hydrol og i c  data than 
was used i n  preparation of the E I S .  Va l ues of transmi s s i vi ty g i ven on 
page 7-65 for the Rus tl er are esti mated , not "cal cul ated . " The 1 0  percent 
poros i ty va l ue for the Rustl er , same page , comes from one measurement (Gnome s i te ) and i s  not an average . 

Another important assumpti on i n  the l ong-term i mpact analys i s  i n  the 
EIS i s  that the di l uti ng  effect of the Pecos Ri ver at Mal aga Bend wi l l  
rema i n  constant or poss i b ly i ncrease .  Shoul d tectoni c ,  geomorph i c ,  and 
cl imati c factors combine to reduce or ha l t  the fl ow of the Pecos Ri ver 
at the d i s charge poi nt ,  the transported transurani cs wou l d bui l d  up  at 
that poi nt .  The hazard from such a bui l dup wou l d be about the same 
as that of a sandstone urani um depos i t  whi ch mi ght or mi ght not be 
deemed an acceptabl e ri s k .  The poss i b l e  i mpact of such a bu i l dup i s  
not di scussed i n  the E I S .  

In  s ummary , the statement does not prov i de a compl ete ana l ys i s  o f  the 
system of barri ers to waste m igrati on . Even though the was te form has 
not yet bee� s peci fi ed , l each rates over a p l aus i b l e  range of va l ues 
cou l d be as su�ed . Add i t i onal  val ues for the uncerta i n  hydraul i c  con
ducti v i ty of the pri nc i pal aqu i fer coul d be used i n  addi ti on to those 
presented . Retardati on va l ues cou l d be varied over reasonabl e ranges 
i ncl udi ng pos s i bl e l ow val ues for fl ow through fractured medi a .  Ana lys i s  
of the total system o f  any proposed repos i tory i s  cal l ed for i n  the 
I nteragency Revi ew Group 1 s  report on waste management ,  not merely  an 
estimate of worst case cond i ti ons . 

Engi neering Geol ogy 

We bel i eve that the E I S  s houl d i ncl ude more engi neeri ng  deta i l s on the 
proposed underground excavations at the W I P P  s i te .  The stabi l i ty of the 
underground rooms wi l l  be cri·ti ca l  to any retri eval of the radi oacti ve 
wastes . 

The "Herr ing  Bone" pattern of the underground CH waste storage area 
s hown on Fig .  8-1 1 wi l l  create areas of wea kness at the 11 po i nts "  of the 
pi l l ars . Experi ence has s hown that the p i l l ars wi l l  fai l at  these pl aces . 
Thi s  i s  true of mi ni ng depths of 700 to 1 , 1 00 feet and wi l l  certai n ly  
be  true at  2 , 1 00 feet .  I t  does not necessari ly create a major hazard , 
and the ob l i que ang l e  turns woul d  probably be eas i er for rubber-ti red 
or mono-rai l transportat ion to negotiate , at l east comi ng from one 
d i recti on . Howeve r ,  the spal l i ng woul d need cl eanup and/or extra 
support . I f  the pl anned entry w i dths woul d no t a l l ow turnoffs of 90 
degrees , pos s i b ly  the corners cou l d  be stubbed . 
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Compa r i s on of  WIPP  w i th Other Al terna ti ve S i tes 

The E I S  s tates i n  chapters 3 and 4 tha t proceedi ng wi th W I PP ful fi l l s  
obj ecti ves for TRU reconmended by both the Deutch and the I RG reports . 
The Department ' s  U . S .  Geol og i cal  Survey agrees . I t  i s  a l so argued i n  
chapter 3 and the fi rs t  page o f  chapter 4 that i n  terms o f  l ong-term 
effects , there rea l l y  i s  no techn i ca l  bas i s  for choos i ng between s a l t 
and basa l t  because " s i te sel ecti on wi l l  ensure no i ncreas e  i n  p red i cted 
ri sk "  { tab les 3- 1 2 ,  3- 1 3 ) at basal t s i tes . Wi th rega rd to sha l e and 
grani te , the E I S  c l a i ms that the GE I S  "pred i cts impacts approx i mate l y  
l i ke those o f  sa l t a nd basal t repos i tori es 11 { p � 3-32 ) . I n  s u111JJ1a ri z i ng 
the envi ronmenta l  i mpacts , the E I S  a s serts { p .  4- 1 ) ,  " the i mpacts of  
the rema i n i ng s i x  a l ternati ves {2  throug h  7 ) , on the other hand , a re 
sma l l i n  both the near term and the l ong  term { centuri es and  l onger ) 
and a re not d i fferent  enough from each other to a fford a bas i s  for cho i ce 
on env i ronmental  grounds . The choi ce mus t  therefore res t on progra111JJ1ati c 
cons i derati on s . "  

CEQ ' s  " Regu l at i on s  for Impl ement i ng the Procedur�l Prov i s i ons of  the 
National  Envi ronmental  Pol i cy Act11 {43  FR 55978-56007 , November 29 , 1 978 , 
40 CFR Parts 1 500- 1 508 ) requ i res  that an agency " ri gorous l y  expl ore and 
obj ecti vely eval uate a l l reasonab l e a l ternati ves " { paragraph 1 502 . 1 4 ) . 
We wou l d  argue tha t a s ta tement tha t " s i te se l ection  wi l l  ensure no  
i ncreas e  in  p redi cted ri s k" { tabl es 1 - 1 2 ,  3 - 1 3 )  merely defi nes a com
pari son as unnecess a ry because the p robl em i s  so l vabl e .  A mea n i ngfu l  
compari son wou l d  b e  an  i n-depth compa ri son between W I P P , other sa l t 
si te s , basa l t { above and bel ow water tabl e ) , a l l u v i um { a bove water tabl e )  
and tuff , sha l e and g ran i te { a bove and bel ow water tab l e ) . Such a 
compari son i s  l ack i n g .  

I n  none of the rou t i ne compari s ons o f  i mpacts from construct ion o f  T RU 
and HLW repos i tori es  { o r  comb i n ati ons of  the two ) i n  a l ternate l ocations  
or medi a { se c .  3 . 0 ) i s  there any d i s cuss i on of  potenti a l  a l terna te sys tem 
i n  wh i ch i sol a t i on of radi onucl i des mi ght  be more confi dently pred i cted 
than  at the W I P P  reference s i te .  As noted earl i e r ,  i f  reta rdati on of 
rad i onucl i des  at W I P P  i s  not as effi c i ent  as pos tu l ated , sma l l i ncrements 
to the l ong-term rad i o l og i ca l  hazard res u l t {depend i ng on  the rel ease  
rate ) wh i ch coul d nonethel ess be cruci a l  i n  the  fi n a l  acceptance of the 
s i te .  The present d i scus s i on of  a l ternati ves i mp l i es that the hydrol ogy 
f s  the s ame i n  a l l reg i ons  bei n g  cons i dered for HLW and TRU waste d i sposal , 
wh i c h  i s  certa i n l y  not the case .  Potenti al  rad i onucl i de transport 
downd i p  from gu l f  coa st sa l t  domes , for examp l e ,  wou l d  be  i n  porous  med i a  
wi th very l ong  f l ow paths ; pred i ct ion  o f  rad i onuc l i de conta i nment mi ght 
be much s u rer i n  tha t envi ronment than at the W I P P .  As the E I S  notes , 
there has not been a comp l ete analys i s  o f  other s i tes and  sys tems wi th 
wh i ch to ma ke a ra t i ona l  a:>mpari son ; however ,  a s  noted a bove , nei ther 
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has there been for the W I P P .  Contrary to the s tatemen t a t  the top o f  
page 3-27 , future s tu d i es can s i gn i fi cantly change the pred i cted impacts 
and ri s ks both at  W I PP and  i n  a l ternate sys tems . 

In  s ummary, the E I S  as serts tha t a l l  s i tes a re l i ke ly  to be , or can be 
eng i neered to be , eq ua l  to W I P P .  Th i s  i s  un l i ke ly  to be the case fo r 
hydrol ogy and defi n i te ly  not the case for futu re human i ntrus i on .  

Future Human I n trus i on 

A maj or potent i a l  prob l em wi th the W I PP s i te i s  futu re human i ntrus i on .  
The I RG ( p .  39 ) recogni zed that " i t  i s  not pos s i b l e  to pred i ct or to 
restri ct  the act i v i t ies  of future gene rati ons " and , therefore , " s i te 
sel ecti on g u i del i nes , s i te s u i tab i l i ty c ri teri a ,  and repo s i tory des i gn 
cri teri a mus t be devel oped i n  s uch a way as  to m i n im ize  poten t i al l y  
del eteri ous effects of human acti v i t i es . "  The Commi ttee on Rad i oacti ve 
Was te Managemen t of the Nat i onal  Academy of Sc i ences has  s tated "no  a reas 
wi th a presen t  or past record of resource extract i on , other than for bul k 
materi a l s  won by s urface quarry i n g , shou l d be cons i dered as  a geol og i cal  
s ite for rad i oacti ve  was tes " (Geol og ica l  cr i teri a for repos i tori es for 
hi gh- l evel rad i oacti ve was tes , 1 978 , p .  1 3- 1 4 ) .  

The E I S  ac knowl edges that there mi ght be future dri l l ing  at  the s i te 
through a s pent fuel assemb l y ;  and i t  computes the rad i o l og i cal  dose to 
a geol ogi st exami n i n g a core of the fuel . The E I S  a l so correctl y po i nts 
out tha t the pota s h  ores are above the proposed TRU repos i tory hori zons 
and , moreove r ,  that both the potash  and oi l and  gas ( beneath the repos i tory ) 
can be exp l o i ted wi thout breach i ng the TRU was te hori zon . The USGS 
agrees w i th these s tatements . Not ta ken seri ous ly  though i s  the i s sue  of 
try i ng to  p red i ct the acti ons of humans 500 , 1 000 , or 1 0 , 000 years hence . 
The presence of mi neral weal th i s  an  open i nv i tat i on to ou r des cendants 
to expl ore the subsurface i n  ways we cannot beg i n  to i mag i ne .  

I n  addi t i on to our  genera l comments , we a l so have s pec i f i c  comments 
wi th regard to the W I PP E I S  wh i ch can be found i n  Attachmen t J. 
We hope these comments w i l l  be  hel pfu l  to you , pa rti cu l a rl y  i n  l i gh t  of 
the fact that the d i recti on of the W I P P  prog ram i s  chang i n g  and  wi l l  
conti n ue to do so as  the f i n a l  dec i s i ons  fl owi n g  from the I RG are made 
and impl emented . As noted earl i er ,  we wi l l  be more than pl eased to work 
wi th you r  s taff i n  revi s i ng the add i t i ona l  i n fo rmati onal  requ i remen ts 
that are necessary to meet our concerns under FLPMA for the rev i s i on 
of the W I P P  E I S .  

S i ncere l y ,  

LARRY E. MEIEROTTO 

A � s 1 �t �nt SECRETARY 
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Attachment I 

Speci fi c  ColTITients 

J t  i s  impl i ed i n  paragraph 3 on page 2-24 that syntheti c  h i gh- l evel 
was te may have to be used for test purposes . I f  these tes ts are to be 
meani ngfu l , both from a chemi cal  and radi at ion i ntens i ty standpo int , 
rea l h i gh- l evel wastes mu st be emp l oyed . Th i s  i ssue shou l d  be d i scusse d .  

Page 7-8 i n  vol ume 1 and H-83 i n  vol ume 2 .  Ment ion i s  made that 
amphi b i an s  are not an i mportant part of the reg i onal  fauna . Th i s  state
ment i s  not accurate and needs to be revi sed . Thi rteen of the 24 spec ies  
of amph i bians  found i n  New Mex i co occur i n  the southeastern porti on of  
the State . These speci es occur i n  a vari ety of  habi tats and many are 
wel l adapted to the most ar id  habi tats of thi s area . 

Page 7-20.  In general , o i l  and gas appears to have been g i ven l i ght 
treatment i n  the geol ogy and mi neral  resources secti ons .  The Pennsyl va n i an 
system deserves more deta i l ed d i scuss i on as  i t  conta i ns the hydrocarbon 
reservoi r  of i nterest i n  the area . 

Page 7-43 , fi g .  7 - 1 5 .  Locati ons of hol es D-231 . 0-233 , 0-235 , D- 248 , 
and D-2 50 shou l d  be s hown on fi gure 7- 1 5 .  

Pages 7-42 through 7- 5 1 . I t  shou l d  b e  noted that th� southwest boundary 
of the wi thdrawal area was drawn to avo i d  ex i st i ng  gas wel l s  i n  the area . 
Jt  can be shown that the o i l and gas i ndustry has i nterest i n  dri l l i ng 
within the wi thdrawa l area s i nce there have been s i x  appl i cat ions  to 
dri l l  approved there . These app l i cati ons and the s ubsequent condemnati on 
of the dri l l s i tes by ERDA were not menti oned i n  the E I S .  Fi ve of the 
proposed wel l s  a re on Federal mi neral l eases . Thei r l ocati ons are as  
fol l ows : 

Operator Wel l  Name Locati on 

Continental O i l Co . James Ranch No . 8 Lot 3 ,  sec . 31 , 
T .  22  S . , R .  31  E .  

Continental O i l  Co . James Ranch No . SA SWl /4 NWl /4 , sec . 31 , 
T.  22 S . , R .  3 1  E .  

Perry Bass James Ranch No . 1 0  SWl /4 NE l /4 , sec . 30 , 
T.  2 2  S . , R .  3 1  E .  

Perry Bass James Ranch No . 1 2  NEl /4 SWl . 4 , sec . 20  
T .  22  S . , R .  31  E .  

Perry Bass James Ranch No . 1 4  NEl/4  SWl / 4 , sec . 1 7 ,  
T .  2 2  S . , R .  31  E .  

P-31 



One wel l was proposed by Gul f  Oi l Company on State l and i n  sec . 32 , 
T. 22 S . , R. 31  E .  

Thi s aspect o f  o i l and gas acti v i ty deserves mention i n  the E I S .  

Page 7-44 , tab l e  7- 5 and text .  The Geol ogi ca l  Survey a l so eval uated 
reserves . The standards c i ted in tabl e 7-5  are cal l ed resource s tandards . 
I n  fact , the Survey report uses the l ow-cl ass  standard for resources and 
the l ease , and h i gh-cl ass  standards for reserves .  The l ease cl ass  
standard i s  based on current economi c mi n i ng cond i ti ons in  the Carl s bad 
area . (John , et a l . ,  1 978 , p .  26) . 

Page 7-44 , l ast  par .  What is  the source of the average grade data c i ted 
i n  the fi rst sentence of the paragraph?  Wi th regard to the second 
sentence of the paragraph ,  the Geo l og i ca l  Survey cons i ders the med i an 
standard , termed 11 l ease , 11 to be equ i va l ent to current mi n i ng costs and 
market pri ces . 

Pages 7-45 and 7-46 , tab l e 7-6 ,  fi g .  7- 1 6 .  The resu l ts of the Geol ogi cal  
Survey eva l uati on a re treated as  resources i n  the draft s tatement .  I n  
fact , the Survey reports both resources and reserves (John , et a l . ,  
tab l e  4-A-C ) . Tabl e  7-6 does not refl ect thi s .  Only the l ow-grade 
category i s  reported as  resources i n  the Survey report . Lease grade and 
h i gh grade are reported as  reserves . Thi s  fac t  i s  not refl ected i n  
figure 7- 1 6  e i�her.  

Page 7-46. No mention  of the s pec i f i c  cri teri a used i n  the Bureau of 
Mi nes report is g i ven . Th i s  i nformati on wou l d  hel p c l ari fy the range 
of val ues that exi s t  between the Summary and the Bureau of Mi nes reports . 
Tabl e 7-7 represents a s urrmary of the Bureau of M i nes findi ngs . The 
fi ndi ngs are based on s peci fi c c ri teri a and assumpti ons wh ich  these 
numbers are dependent upon . An expl anation of these factors wou l d  put 
the numbers i n  proper perspecti ve .  

An add i ti on shou l d b e  made to the fi rs t  sentence under tabl e 7 - 7 .  I t  
shou l d  read "on ly  mi n i ng un i t· B- 1  meets today ' s  market pri ces under the 
Bureau of Mi nes cri teri a ( $42 per ton of muri ate , $94 per ton of ' s u l fate ' (K2S04) , and $48 per ton of l angbe i n i te ) . 11 Some expl anation  as  to the 
source of thi s  pri ce data woul d a l so  be hel pfu l . 

Page 7-49. The S i pes , Wi l l i amson , and Aycock s tudy of econom i c  reserves 
appears to present the most  real i s t i c  estima tes of hydrocarbon resources . 

Page 7-5 1 . An attempt shou l d  be made at p l ac ing a monetary va l ue on the 
hydrocarbon reserves , as was done for potash reserves on page 7-47 . 
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Water :  page 7-61  (para . 2 ,  fi rst sentence ) states , " 1 2 , 000 acre-feet" 
shou l d  be changed to 1 9 , 800 acre-feet , and " 1 0 , 000 acre-feet" shou l d 
be changed to 1 9 , 1 00 acre-feet . Thi s i nformati on i s  based on a BLM 
report ( 1 978 ) - Groundwater Study to the Proposed Expans i on of Potash  
Mi ni ng. Near Carl sbad , New Mex i co .  

Section 8 . 1 . 4 descri bes the new h ighway and ra i l road r ights-of-way to 
be acq u i red for the W I PP s i te ,  but does not di scuss  whether these ROW 
wi l l  be fenced . Fenci ng cou l d  have adverse envi ronmental impacts on 
exi sti ng g raz ing  use and a l so on wi l dl i fe use of exi sti ng hab i tat .  
Simi l arly , a descri pti on i s  needed of any poss i b l e  adverse envi ronmental  
impacts assoc i a ted with the constructio n ,  operati on and mai ntenance of 
fenced ROW for ra i l roads , paved roads , di rt constructi on tra i l s ,  p i pe
l i nes , or e l ectr ic  transmi s s i on l i nes . Mi tigati on measures s hou l d  be 
speci fied . if necessary.  

Page 9-9 . Ment i on i s  made that raptor deaths may be caused by el ectro
cuti on on uti l i ty l i nes . I t  i s  uncl ear i f  these deaths wi l l  resul t  from 
project- constructed power l i nes . Howeve r ,  we wou l d l i ke to poi nt out 
that proper des i gn  and construction of power l i nes can mi nimi ze el ectro
cuti on impacts to raptors . Your agency may wi s h  to consul t the 
pub 1 i  cati on '' Sugges ted Practi ces for Rap tor Protecti on on Powerl i nes 1 1  

by Dean Mi l l er ,  et a l . ,  Raptor Research Foundati on , Provo , Utah . 

Roadway construction  causes l os s  of habi tat wh i ch resu l ts i n  reduced 
producti v i ty for fi s h  and wi l d l i fe resources . Secondary effects may 
i ncl ude veh i cl e acci dents and l imi t ing  animal  movements . Whi l e  some 
type of benefi c i a l  vegetati on may be reestabl i shed i n  roadway ri ght-of
ways , the establ i s hment of creosote bush  woul d not be hi ghly des i rabl e .  
Thi s s pec i es of vegetati on prov i des l i ttl e habi tat val ue for food o r  cover . 

Pages 9- 9 and 9- 1 0 . Ment ion i s  made that wi l dl i fe spec ies wi l l  be 
di sp l aced from l ost habi tats . As presented on page 9-9 , these habi tat 
l osses  resu l t  i n  l ong-term l osses when carry i ng capaci ti es  are reached . 
One mi ti gati ve effect that cou l d be cons i dered i s  management of adjacent 
habi tats to i ncrease carry i ng capac i ti es and producti v i ty of the habi tat 
and offset l os ses . 

Pages 9-9 and 9-22 . Revegetati on i s  one measure that i s  proposed for 
mi tigati on . Grasses , forbes and shrub spec i es of val ue for wi l dl i fe 
food and cover shou l d  be used i n  the revegetati on of d i s turbed areas . 
I t  may be important to manage graz i ng to i nsure adequate establ i shment 
of vegetati on . 

Pages 9- 1 1 through 9-1 9 .  Estimates of the total potash resource and 
reserve are cons i dered by the Geol og i ca l  Survey to be accurate wi thi n 
+ 20 percent , base:l on the present dri l l  hol e spaci n g .  We agree that 
T, 000-foot dri l l  s pac i ng wou l d  i n crease th i s  accuracy .  I t  i s  rea sonabl e 
to expect that add i t i onal  dri l l i ng wou l d  show i ncreased reserves i n  
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some areas and decreased i n  others . Th i s  poi nt shou l d be con s i dered . 
The Survey has made a pre l imi nary esti mate of l angbe i n i te reserves for 
the Carl sbad d i stri ct s i nce the publ i cati on of Geo l og i ca l  Survey Open
fi l e  Report 78-828. 

Our prel imi nary f igures show 1 .  1 4  x 1 09 tons of l angbei n i te reserves at 
6. 6 percent K20 we i ghted average grade present i n  the Carl sbad d i stri ct .  

Page 9 - 1 5 ,  Surmiary .  Thi s  secti on dea l s  wi th the impact of den i a l o f  
potash  resources , a n d  i t  i s  wi th i n  th i s  section that the variation i n  
reserve estimates between the Bureau o f  Mi nes a n d  the Geol ogi ca l  Survey 
have the greates t effect .  The cri teria used  by each group shoul d be  
rel ated to the presentati on of data l i sted in  tabl es 9-9 , 9- 1 0 ,  and 9- 1 1 .  

Page 9- 1 6 ,  tabl e  9-9 .  Geo l o g i ca l  Survey data are here treated stri ctly 
as  resource numbers . I f  the data were presented a s  i n  the open-fi l e  
report , syl v i te ore resources wou l d  be 1 33 . 2  x 1 06 tons , and l angbe i n i te 
ore resources wou l d be 35 1 . 0  x 1 06 tons . Tabl e  9-1 0  wou l d  show the 
fol l owi ng  reserves us i ng Survey data : syl v i te ore reser.ves--89 . l  x 1 06 
tons at wei ghted average K20 ,  equ i va l ent of 1 1 . 8 percent ; l angbe i n i te 
ore reserves--264 . 2  x 1 06 tons at we i ghted avera ge K2o ,  equ i va l ent of 
6 . 1 0  per�ent .  These fi gures wou l d  a l so appear i n  ta5 l e  9- 1 1 .  The 
500 x 1 0  -ton fi gu re for regi onal resources i n  tab l e 9- 1 1  i s  q uesti on
abl e .  John , et a l . ,  ( 1 978} report 5 . 3 bi l l ion  tons of potash ore 
reserves for the reg i o n .  The 38 x 1 0  tons K2o as  l angbei n i te for 
reserves i n  the reg i on needs more expl anati on . The W I PP  area i s  reported 
to represent 1 1 . 6 percent of the total reserves of l angbei n i te .  Recent 
estimates by the Survey after publ i cati on of the open-fi l e  report s uggest 
that it may represent as  much as  20 percent of tota l reserves . 

Pages 9-20 through 9-21 . D iscuss i on of the AIM study referred to i n  th i s  
section needs t o  b e  e l aborated . What were the cri teri a u sed i n  the study ,  
and how do they compare with those u sed i n  the Survey and Bureau of Mi nes 
stud i es ?  

Page 9-24 i n  " Effects o f  P l an Operati on " shoul d conta i n  a paragraph on 
the potenti a l  effects of the W I PP  acti on on foss i l  resources . An important 
secondary effect of the action is the access to remote areas that wou l d  
be opened by the new roads created for the W I P P  s i te .  Wh i l e  amateur  
foss i l  co l l ectors wou l d  not have s i gn i fi cant impacts , commerc i a l  ( i . e . , 
i l l ega l ) col l ection of fos s i l s  mi ght occur on whol esa l e  bas i s .  
Simi l ar ly , page B-8 shou l d  conta i n  a statement i n  the geol ogy secti on , 
"Pennian Beds i n  th i s  genera l  area are reported to have provi ded the 
worl d ' s  mos t comp l ete record of early Permian  amph i b ians and repti l es . "  
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Page 9-86 . The references to the Bu reau of Outdoor Recreati on  shou l d  
be corrected to read the Heri tage Conservat ion and Recreati on Serv i ce .  

Page H-62 shoul d refl ect the fol l owi ng i nformati on :  Whi l e  Co l orado 
had some i ce fi e l d s  duri ng the p l e i stocene , the i ce sheet i n  the Rocky 
Mounta i ns went no further south than Montana and I daho . Thus , gl ac i a l  
action does not appear to be a threat to the i ntegri ty o f  the s i te .  

Pages J-38 and J-39 , sec . J . 4 . 3 .  There shou l d  be ment ion i n  thi s  secti on 
of the envi ronmenta l ana lyses that are prepared by the Geo log i ca l  Survey 
for proposed o i l and gas operati ons . I t  s hou l d  be noted that , through 
this process , an assessment of envi ronmenta l impacts wou l d  be made before 
any further devel opment of Federa l  mi neral resources wou l d be al l owed . 

Edi tori al  Comments 

In order to make the E I S  more i ntel l i g i bl e  to other profess i onal s and 
concerned l ay peop l e ,  edi tori a l  improvement i s  essenti al . 

An i ndex map s howi ng the preci se l ocati on s houl d  be one of the fi rst 
fi gures in the report.  

The WI PP  s i te shou l d  be l ocated on maps wherever practi cal  and it  shou l d  
appear a t  the same p l ace on al l maps . I t  i s  badl y  m i s l ocated on 
fi gure 7- 1 2 .  Townsh i p  and Range shou l d  be shown on maps where practi cal (fi g .  7- 1 2 ,  for exampl e ) . 

Page 7-7 , fi g .  7-2 . I t  i s  now genera l l y  agreed that the P l e i s tocene 
Epoch probably  began between 2 mi l l i on  and 3 mi l l i on years ago ( e . g . , 
Hol mes , Arthur , 1 964 , Pri nci pl es of physi cal  geol ogy , 2nd edi ti on : New 
York , Rona l d Pres s , p .  360-361 ; Obradovi ch ,  J . O . , 1 965 , Age of marine 
Ple i s tocene of Cal i forni a :  Pvrt. Assoc . Petro l eum Geol og i s ts , v .  49,  no . 7 ,  
p.  1 037 ) .  

Page 7-7 , f ig .  7-2 . Oepos i tiun of Ogal l al a  fan sed i ments and the forma
ti on of the cal i che capp i ng these sediments occurred duri ng the P l i ocene 
rather than duri ng the P l e i s tocene , as shown . 

Page 7-28 , fi g .  7- 1 1 . " pre-Cambri an "  i n  upper l eft shoul d  be " Penni an . "  

Page 7-59 , tabl e 7- 1 4 .  " Dayton , Texa s "  shou l d be " Dayton , New Mexi co . "  

Page 7-64 , fi g .  7-22 . An expl anati on  of u n i ts and patterns , a s cal e ,  
and l ocati on o f  W I PP s i te are needed . 

Pag 7 65  Par 4 l ,· ne 4 "west" shou l d  be "east. " e - ' . • • 
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Page 7-68 . The head i ng "Groundwater Qua l i ty"  refers only to the 
succeed ing  paragraph .  The res t of pages 7 -68 and 7-69 i s  part of 
"Groundwater F l ow . " 

Page 7-73 , par. 3 .  "Jones ( 1 972 ) "  shou l d  be "Jones ( 1 973 ) . "  

Page 7-74 , fi g .  7-27 . A better exp l anati on i s  needed . Show W I PP  s i te ;  
show l i ne of secti on on a map ;  i denti fy " sol uti on front" referred to i n  
text ; l abel i rregu lar  l i ne "Top of Rus tl er sal t" not "Top of Rustl er . "  

Page 7-76 , par.  1 .  Add reference "Ni chol son and C l ebsch ( 1 961 ) . "  

Page 8-39 , l as t  par. , fi rst l i ne . Th i s  shou l d  read "Southwestern Pub l i c  
Servi ce Company , 11 not " Paci fi c  Servi ce Company . " 

Page 9- 1 1 2 ,  par.  5 .  The proper fi gure number wou l d  appear to be K-3 
and/or K-5 rather than K-6 .  

Page H- 1 01 , l i ne  3 .  Lovi n g  County i s  i n  Texas , not New Mexi co . 
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U N I TED STATES E N V I RON M E N TAL PROTECT I ON .  A'G'EN'C Y 
WA S H I N GTON . D . C .  iQ4iC 

SEP 2 b 1979 

Mr .  Eugene Beckett 
WIPP Project Office , Mail Stop B- 1 07 
U . S .  Department of Energy 
Washington , D . C .  20545 

Dear Mr .  Beckett : 

In accordance with Section 309 of the Clean Air Act , as amended ,  we 
have reviewed the Draft Environmental Impact Statement for the Waste 
Isolation Pilot Plant ( WIPP ) , DOE/EIS-0026-D. Our detailed comments 
are enclosed . 

The final environmental statement should bring out more conclusively 
the adequacy of the site and the bedded-salt hos t me dium , and ,  further , 
that the defic iencies revealed in this environmental statement are no 
worse than might be expected at other carefully selected site s .  If 
sufficient information cannot be provided in the final environmental 
statement to thi s end , a program for resolving those matters should be 
specified and a course of action proposed that will be taken if the 
results are not favorable to the WIPP projec t .  

The quest ion o f  the adequacy of the site relates in part to the 
continuing integrity of the salt formation and the probability of 
adequately seal ing boreholes and shafts against subsidence stresses and 
other phenomena .  The draft statement does not adequately address the 
problem of detection of existing boreholes and of small-scale 
dissolution features within the repository formation . There appears to 
be litt le information on dissolution below the host salt formation and 
the potent ial for failure from below. The hydr ologic modeling appears 
to have the potential for large uncertaint ies , and the analysis should 
treat the sensit ivi ty of the re sults to the range of potential error . 

A major concern is the assumption implied in this proposal , that 
transuran ic wastes and spent fuel are compatible with each other and 
with the bedded salt and hydrology of thi s  site in the proposed 
repository configuration . No case is made for putting spent fuel , with 
its high radionuclide content but chemical ly resistant uranium dioxide 
ceramic form , in a repository selected for its chemical barriers to 
radionuclide migration and , likewise , putting into the same repository 
transuranic waste with its multitude of chemicals .  Although i t  is 
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desirable to combine disposal facilit ies to decrease costs , such 
combining of facilities should be supported by an assessment in the 
f inal environmental s tatement of the compatibility of the different 
waste forms . The presence of organic chemicals in the TRU waste should 
receive part icular attention in this assessment. 

The EPA is also greatly concerned with the lack of a positive commitment 
in the DEIS to the development of mitigation plans . We are equally 
concerned about the need to monitor environmental impact conditions , 
and implement mitigation measures during all phases of construction 
and operation of the WIPP . Mitigation and monitoring is needed, not only to 
avo id violation of existing s tandards , but also to minimize negative 
impacts on the environment . The mitigation plans should allow the 
inclusion of "current knowledge" and "best management practices" as 
developed after initiation of operations at the selected s ite. The EPA 
strongly urges that DOE require the design of a dynamic monitoring and 
mitigat ion plan before either licensing or approving construction of 
WIPP. 

On the basis of these concerns , we have environmental reservations about 
the actions proposed in this draft statement and consider that the 
statement provides insufficient information. Therefore , we have rated 
this draft statement ER-2 , i . e . , environmental reservations and insuff icient 
information. -

Should you or your s taff have any questions about our comments , please 
call Ms . Betty Jankus (NEPA matters , 755-07 70) of my staff , or 
Dr . Jerry J. Swift (technical matters, 5 5 7-7604) of EPA ' s  Office of 
Radiation Programs . 

Sincere!� t?J 
illiam N .  Hedeman, Jr . 

Director 
Off ice of Environmental Review 

Enclosure 
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General Comments 

U . S .  ENVIRONMENTAL PROTECTION AGENCY 

Detailed Comments 
on the 

Department of Energy ' s  
Draft Environmental Impact Statement 

for the 
Waste Isolation Pilot Plant 

The final statement should bring out clearly the adequacy of the 
s ite and long-term integrity of the host medium, and , further , that 
the deficiencies revealed in this environmental statement are no worse 
than might be expected at other carefully selected sites . 

The combination of a facility for the disposal of transuranic 
wastes with facilities for testing of high-level waste forms and 
disposal of spent nuclear fuel is not adequately supported . There 
should be a showing in the final environmental statement that the 
differences in waste forms and the configuration of the respository do 
not signif icantly diminish the protection that would be provided by 
separate facilities . It is no t clear that the proposed approach is 
consistent with the near-term obj ective " to proceed by deliberate steps 
in a technically conservative manner . "  

The principal problems with the proposed proj ects are : 

1 .  It has apparently been assumed that transuranic wastes and 
spent fuel are compat ible for disposal in this repository . The list of 
alternatives considered is limited and rests heavily upon this same 
assumption . 

2 .  There are appreciable mineral resources at the site . There is 
also a reliance on long-term institutional controls to prevent human 
intrusion . The DEIS addresses only the point that natural resources in 
the WIPP area will be lost for future exploitation because of the 
presence of the respository .  However ,  it should also cons ider that 
inst itutional control could be lost after hundreds or thousands of 
years while the hazard from the waste remains substantial . The natural 
resources could be explored without knowledge of the remaining hazard . 

3 .  The host salt formation is under solution at�ack from above 
and from the side and may also be under attack from below.  
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4 .  The groundwater Eh may be in the range where it will make 
actinide elements more mobile .  

5 .  The assessment of potential impacts o n  the surrounding population 
appears to disregard the workers at the potash mines nearby . 

6 .  There has apparently been no question of the des irability of 
having two levels in the respository rather than one . 

7 .  Impacts of potential releases of  radionuclides are regarded in 
this draf t environmental statement as short-term impact s ;  the potential 
impacts of releases of radioactivity over long time periods should be 
addressed .  

8 .  As a research tool , the proj ect should provide valuable 
information on the effectiveness of various was te disposal methods . 
Much of this data , of a generic nature, should be applicable to future 
waste disposal proj ects . 

9 .  Criteria for the accep tance of the various waste forms have not 
yet been made f irm. Firm criter ia would help resolve the nature of the 
interactions that might occur between the was tes , the salt , and any water 
that is present . 

1 0 .  The s ite selection process has been successful in f inding a 
location with a low population dens ity, much lower than in Michigan , 
Kansas,  and Ohio . This is a clearly advantageous feature of the Los 
Medanos s ite . With respect to s ite selection criteria , however ,  some 
of the data gathered from WIPP may not prove useful in future siting 
decisions , primarily because of differing geologic formations . Oth�r 
geologic s truc tures , such as salt domes , basalt , granite, shale , and tuff are 
currently being investigated , and the EIS notes that future s ites will be 
evaluated on a case-by-case basis . We believe that the recognition of 
s ite specific differences is critical to the selection of regional 
repositories , and strongly endorse this approach. 

11 . The EPA is also greatly concerned with the lack of a positive 
commitment in the DEIS to the development of mitigation plans . We are 
equally concerned about the need to monitor environmental impact conditions,  
and implement mitigation measures during all phases of  cons truction and 
operation of the WIPP . Mitigation and monitoring is needed , not only to avoid 
violation of existing standards , but also to minimize negative impacts on 
the environment . The mitigation plans should allow the inclusion of "current 
knowledge" and "best management practices" as developed after initiation of 
operations at the selected s ite . The EPA strongly urges that DOE require 
the des ign of a dynamic monitoring and mitigation plan before either 
licensing or app roving cons truction of WIPP . 
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Detailed Comments 

12. In addres sing the population distribution around the s ite , 
there are s tatements like that on page 1-3 , "Sixteen people live within 
10 miles of the center of the proposed s ite . "  This overlooks the 
approximately 650 workers at potash mines and mills within 12 miles , 
plus o ther people employed in the oil and gas producing industry . 
Table 2-2 , "Application of Site-Selection Criteria , "  also shows this 
dis tortion . Another example is on page 7-1, "Thirteen p eople live within 
10 miles of the proposed s ite. " Such pertinent features as the potash 
mines should also be shown on the maps of the area ; e . g . in Figure 8-1 , 
the railroad spurs are shown -- they probably end at potash refineries . 

13 . Although the low annual rainfall and limited runoff are mentioned 
in several places {e . g .  page 7-59) , the flash flooding associated with 

. rainstorms in arid lands is no t mentioned , nor is there mention of its potential 
for influencing the repository or transportation accidents . Section 9 . 3 . 3 . 2  
should be revised to include discussion of the potential for flash flooding , 
which may occur much closer than the Pecos River . 

14 . Comparison of radiation exposures to those f rom natural background 
can be meaningful when they are exposures to an individual . When the 
exposures are to a population group , they become less meaningful because 
the relative values can be altered by including more people who get the 
same background exposure but little or none from the o ther source in question . 
Such comparisons should always include the maximum individual exposures . 
The last statement on page 1-6 is an example : "An accident o f  the extreme 
severity postulated in the transportation analysis could �deliver a 50-year 
radiation-dose co11DD.itment that might reach 25 percent of the dose from natural 
background radiation . "  This provides only the average value and does not 
provide information on those most affected.  

15 . It is correctly indicated on page 1-8 that for an alternative action 
involving a delay in construction, th estimated additional costs of $280 
million are mostly due to inflation and therefore do not represent real 
additional resource expenditures . If put into 1978 dollars , this large sum 
would become almost zero . Its use in this s tatement tends to be misleading . 

16 . This draft statement quotes various solution rates for the Salado 
sal t ,  such as the 500 feet per million years {on page 2-12) . The final 
s tatement should also provide the uncertainty in the solution rates . 

17 . The second "basic reason" given on page 2-16 is illogical . This 
draft s tatement proposes to use the facility for bo th transuranic waste and 
1000 spent fuel elements ; therefore , it is not "dedicated only to TRU waste . " 

18.  The second basic reason on page 2-16 contains a clear example of the 
concept that there is no significant loss in safety or protection of the 
environment occasioned by putting more than one type of radioactive waste in a 
repository .  This concep t ,  used extens ively throughout the draft s tatement , 
appears without scient if ic support . The IRG obj ective , s tated on page 1-2 ,  
"to combine compatible facilities , where suitable , "  must certainly have been 
written in the belief that compatibility and suitability would be es tablished 
rather than assumed . The result of disregarding the differences in the 

P-41 



chemical nature or waste types is seen in the statement on page 3-26 , 
"There is no reason to expec t that adding TRU waste to a HLW repository 
at either site would appreciably increase the probability of long-term 
releases or radioactive material . "  The TRU waste contains various 
organic substances which can form complexes and greatly increase the 
mobility of the actinide elements.  

1 9 .  It is recommended that the final statement be revised to 
state a practical purpose for the reference repository as designed . On 
page 2-22 , the draft statement states,  "The reference repository is 
intended for the di sposal or only that amount of readily retrievable 
waste expected to be stored at INEL through 1990 , "  and rurthe� , "Some 
1 00 acres of repository space wil l  be more than adequate for this 
purpose . "  As the design is for a 2000 acre facility and a 30 year 
lifetime , it is only practical to specify instead that the facility i s  
intended to b e  used t o  capacity ( 70 million cubic feet , per 
Table 2-3 ) .  If the des ign is success rul , to use it at such a smal l 
frac tion ( 2 . 4  million cubic feet)  of its capacity would be wasteful . 

20 . The statement on page 2-23 regarding the pol icy announced on 
October 1 8 ,  1 977 , should be corrected to state clearly that the fee 
includes di sposal costs as well as storage costs . 

2 1 . The draft statement , on page 2-28 , contains the peculiar 
argument that "while some useful generic information could be obtained 
from a stand-alone ISF ( Appendix C ) , only a portion of that information 
could be tran� ferred to another site . "  It appears , however ,  that 
unless it is intended to use the WIPP site for large-scale disposal of 
spent fuel or high-level waste , only about the same information can be 
transferred from WIPP to another site , i . e . , the amount of information 
gained is essentially the same . This statement and Figure 8-1 1 also 
raise the question again as to what eventual use will be made or this 
repository and whether it would not be a better approach to seek 
approval for fUll utilization at this time . 

22 . In Table 3-10 , all estimated accidental exposures are 
compared to background except the case of drilling through spent fUel , 
which is·  compared to occupational exposure limits . Because there is no 
reason to believe the drillers would have been classified as radiation 
workers , there is no justification for comparing their estimated 
exposures to occupational limits . 

23 . The comparison of the impacts is not correctly constructed in 
the case ( on page 3-1 6 )  where leaving spent fu el in stor@!e pools "is 
estimated to give a worldwide population exposure of 1 0-7 of 
background . "  Spent fuel in storage pools cannot reasonably be 
considered to irradiate a significant fraction of the public , much less 
the worldwide population . 
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24 . It i s  questioned whether , as  the discussion on page 3- 1 9  
asserts , heat-producing waste can be emplaced more densely in basalt 
than in sal t .  Such an approach would appear to subject high-level 
waste , for example , to significantly higher temperatures than 
emplacement in sal t ,  and would raise the repository to higher ambient 
temperature s .  Other technical documents have indicated that , because 
of the poorer thermal conduct ivity and heat capaci ty of basal t ,  a spent 
fuel or high-level waste repository in basalt should be loaded to a 
lower heat generation density than in sal t .  

25 . The discuss ions in Section 3 . 5 . 2  indicate that no conceptual 
des igns exist for TRU reposi tor ies in dome salt and basalt . Thi s  
suggests that consideration o f  these alternative media was quite 
limite d ,  and perhaps not adequate as a cons ideration of alternatives 
required by NEPA . 

26 . The question of whether pyrophorics will be permitted to be 
included with the TRU wastes does not appear to be adequately 
answered.  It is stated that " small quantities" of pyrophoric materials 
may be accepted ( page 5-3 ) , but the waste acceptance criteria include 
the criterion of "no pyrophoric materials . "  The absence of pyrophor ics 
i s  assumed in predicting the environmental impacts of shipping and 
handl ing , and yet the impact estimations are described as yielding 
"maximum environmental-impact pre dictions . "  I f  pyrophoric materials 
are to be permi tted in TRU waste packages , the term "smai1 quantities" 
should be defined in numer ical terms (as was done for gas-generating 
materials in Table 5 - 1 ) and the acceptance criterion given in Section 
5 . 1 . 2 .  If s ignificant quantities are to be permitte d ,  appropriate 
assumpt ions should be factored into the impact analyses for the 
retrieval , transportat ion , handling , storage , and accident scenarios . 

27 . Additional criteria appear to be needed for waste forms that 
"cannot be immobilized" ( page 5-3 ) . With few exceptions radioactive 
waste can be immobilized if the resources are available to do so . For 
some waste categories , immobilization may not be pract ical in terms of 
cost versus cost of overpacking , or low potential dose savings per 
dol lar spent , or because of excess ive volume of the final waste 
product .  The final EIS should contain numerical criteria on 
immobilization requirements so potential impacts can be better 
evaluated.  

28 . The discussion of transportation in Chapter 6 would be 
greatly improved by the addition of expected doses to individuals in 
the pub lic in the discussion of routine , non-accident exposure s .  
Statements such as "it exposes the nearby population a t  a very low dose 
rate " ( page 6- 1 5 )  iwmediately raise the question of very low relative 
to what . The col lect ive exposures of Tables 6-9 , 6-1 0 , and 6-1 1 ,  whi le 
they are good information , only set upper bounds to the individual dose.  
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29 . The discussion or possible transportation accidents in 
Section 6 . 7  indicates that exposures to airborne radioactive materials 
released by accidents in urban areas are calculated using a dispersion 
model and parameters ( page 6-2 3 )  appropriate to flat , smooth , open 
terrain , and thus inappropriate to a location where bui ldings interfere 
with the airflow. Turbulences around buildings , while providing more 
mixing action tor dilution , could also bring the plume to ground level 
much closer that one half mile and perhaps appreciably increase maximum 
individual exposures . Similarly , although a low wind-speed is 
conservative once the material is in the plume , it is clearly not 
conservative with regard to lifting the material from the ground into 
the air . Furthermore , even if a low-wind speed is the existing 
condition , a larger traction of the material might be entrained in the 
plume by locally higher wind speeds induced by fire or by passing 
vehicles during the period before authorities close off the area. 

30 . The food pathway should be examined again ; while health 
authorities , acting after an ac cident , would remove contaminated food 
from distribution , they would have to notify people quickly in order to 
intercept food being eaten . 

3 1 . Frequencies such as in the last column of Table 6 - 1 6  tend to 
mis lead when they include a fraction for the stability category and 
wind direction . In an urban area , almost 1 00 percent of the time the 
wind will carry the material in the direction of a number of people . 
Therefore the risk from such an accident is greater that that indicated 
by the combination of Table 6-1 5 and the last column of Table 6- 1 6 .  

32 . The Final EIS should identify the sources of high-level waste 
and possible transportation routes avai lable to carry this material to 
the WIPP site . The transportation scenarios developed in the Draft EIS 
used a maximum city size equal to Albuquerque , New Mexico . In 
Figure 6-1 , on page 6-9 , the typical rail routes depicted for 
transportation of waste materials pass through metropolitan areas much 
larger than Albuquerque . Transportation scenarios should be developed 
under worst poss ible conditions for each type of waste material to be 
transported to the WIPP si te ( TRU , HLW, spent fuel canisters ) .  These 
scenarios should depict the adverse impacts which might be incurred in 
a densely populated metropolitan area such as Dallas or Houston . 

33 . At the end of Chapter 6 there is a short section devoted to 
the possibility and consequences of "intentional destructive acts . "  It 
claims that the consequences from an intentional act of terrorism or 
sabotage "will not produce consequences more significant than the 
accident consequences calculated in Section 6 . 7 . "  Acts of terrorism 
( using explosives for example ) could create more serious situations 
than conceivable truck or train wrecks . 
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34 . In the section on accidents involving contact-handled TRU 
waste ( beginning on page 6-23 ) ,  a fire should be assumed to be taking 
place . Surely this would create a worse hazard than i f  a fire was not 
present . Previously on that page , DOE stated, " • • •  the conditions that 
lead to the greatest population dose have been chosen . "  This statement 
and the cited scenario do not seem to correspond . In addi tion , the 
release fractions used on page 6-26 should be documented .  

35 . In Section 6 . 7 . 3 ,  Results of the Analysis , the results were 
not converted from person-rem to health effect s .  In this case , one 
accident yields non-negligible impacts , the accident involving spent 
fUel. Based on DOE estimates this accident will result in a 50-year 
whole body dose commitment of 3700 person-rem for a small urban area 
and 8300 person-rem for a large urban area .  Using EPA ' s  conversion 
factor of 600 health effects per million person-rem , estimates of total 
health impacts are about 2 and 5 ,  respective ly.  

36 . There appears to be a considerable seismic risk . An 
earthquake with an epicenter at the WIPP site could disrupt the 
repository and break containers ; this would result in wastes coming 
into direct contact with salt sooner than ant icipated .  Cons idering the 
magnitude of possible consequences , this scenario should be explored 
fUrther . The final statement should include among the accident cases 
it discusses , the case of an earthquake-induced rock fall in the 
repository (analogous to those reported in the nearby potash mines ) .  
Such a rock fall could damage a number of waste containers in open 
rooms . Though unlikely , an earthquake could also simultaneously 
degrade the HEPA filter installation . 

37 . The discussion of rates of removal of salt by dissolution 
( page 7-74 ff) il lustrates well the di fficulty in determining such 
rates.  First one estimate is referenced of 0 . 33 foot vert ical per 
thousand years average but the suggestion is made that most of the 
dissolution occurred long ago at a faster rate , and that the present 
rate is slower . Then an alternative approach is referenced which gives 
a present vertical dissolution rate of 0 . 5  foot of salt in 1 000 year s .  
Although i t  i s  unlikely that these estimates are s o  greatly i n  error 
that there would be a threat to the repository in the next thousand 
years or so , it would ,  in any case, help the presentation in the final 
statement if the uncertainity in these estimates were presented.  

38 . The physical properties of vertical solution features and 
wells can be very simi lar relat ive to ground water movement . Chapter 7 ,  
page 74 , states that "extensive investigations" at the site show no 
evidence of continuing deep dissolution . Smal l scale vertical solution 
features are very di fficult to detect utilizing surface geophysical 
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methods such as the resist ivi ty surveys mentioned in the report. The 
probability of locating a vertical "chimney" while drilling a test hole 
is even more remote . 

39 . On page 7 -75 , the last paragraph states , "The rate of deep 
dissolution is di fficult to assess , and Anderson ( 1 978 ) does not 
believe that estimates can be made with any degree of confidence from 
the available data . "  lben , without further support or reference , the 
conclusion is drawn " In any case, deep dissolution does not occur near 
the site . "  We recommend that this conclusion be deleted unless some 
evidence in support of it can be referenced . Whether the limestone 
under the site is subject to dissolution like that in neighboring 
Carlsbad Caverns should be discussed . 

40 . On page 8-28 is stated "!be amount of material released 
through cracks is assumed to be proportional to the rat io of the area 
of the cracks to the total area of the drum . " In view of widespread 
current experience with salt shakers and the past record of 
hourglasses , in which all the material has exited the holes , this 
assumed limitation on the amount of material released needs 
experimental verification to give it credibility .  The final statement 
should provide at least a supporting reference to such verification . 

4 1 .  On page 8-3 9 ,  it is indicated that a 24-inch waterline i s  
proposed to bring water to the site from a tie-in with an · existing 
1 0-inch main ; this appears to be a typographical error . If not , i t  
should b e  eXi>lained.  

42.  The use of carbon-steel pipe ( page 8-49 ) for canisters for 
the spent-fuel assemblies as indicated in this draft statement 
represents a much better use of natural resources than earlier 
proposals for thick canisters of stainless steel containing large 
amounts of chromium and nickel . 

43 . On page 8-50 , it is indicated that "The backfilling of the 
storage drifts will not greatly affect the results of the demonstration 
or monitoring program . "  It should be explained why the ventilation air 
will not carry away heat that would otherwise be stored in and 
conducted through the salt , raising its temperature . 

44 . On page 8-52 , the statement indicates that stress-induced 
creep closure of the storage room "may possibly" damage the waste 
containers . If,  in due time , such closure is expected to eliminate 
almost all . voids in the salt , damage to the containers would seem a 
certainty. 
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45 .  The Demonstration of Spen t-Fuel Disposal ( Section 8 . 1 0 )  has 
some serious problems . Based upon the distribution coefficients on 
page K-20 it appears that the overlying aqui fer is oxidizing . This is 
inferred from the high mobility of U and Tc . It is poss ible that the 
high distribution coefficient for Np is either from a select ive 
adsorption of Np02+ or from reduction of that species to Np02 . 
Because the overlying aqui fer , i f  diverted by natural or human factors 
through the repos itory , will dissolve the spent fuel , the risk is much 
higher (a thousand times or more )  than it would be if the overlying 
aquifer were reducing . This oxidizing aquifer raises serious questions 
concerning the site suitablii ty for spent fuel di sposal . This 
consideration does not affect the impact from the TRU wastes so 
severely , since those waste s (mostly Pu ) are not as sensitive to 
oxidation .  It appears that either the rock is such that it makes a Ph 
and Eh condition where Np is reduced to Np ( IV ) , or the rock 
selectively removes Np02+ from solution . C- 1 4  should be added to the 
distribution coefficient table portion of table K-3 . It would also be 
helpful if the density and porosity of the Rustler formation were used 
to trans late the distribution coefficients which are given , into 
Equi librium Adsorption Constants ,  as defined by Equation K-9 . These 
Equilibrium Adsorption Constants ( sometimes c al led "Retardation 
Factors" ) are more directly useful in groundwater migration 
calculations than distribution coefficients . It i s  also likely that 
some of the distribution coefficients have a high degree of error 
associated with them; presentation of the percent error will indicate 
those values for whi ch the uncertainity is high . 

46 . The environmental impacts of the experiments to be performed 
( pages 8-45 to 8-53 )  cannot be evaluated without more information on 
the nature , and e spe cially the sc ale , of the experiments .  There appear 
to be no plans for participation in decisions on the experimental 
program by non-DOE agencies . There should certainly be a review 
process before plans for the experiments are finalized. 

47 .  In view of the concerns expressed in years past about 
existing drill holes at the Lyons , Kansas site , it is surprising to 
read ( page 8-5 6 )  "that the long-term consequences analysi s  ( Section 
9 . 5 . 1 )  shows that an unplugged hole has but small environmental or 
safety consequences . "  It would ,  perhaps , be reassuring to include a 
comparison of the Los Medanos site with the Lyons , Kansas site . 
Section 9 . 5 . 1 contains several scenarios which have been modeled for 
calculations . Scenario 1 is postulated to be the worst case . However ,  
there are several factors which could be reasonably expected t o  alter 
Scenario 1 such as the pressure difference between the Rustler and the 
Bell Canyon aquifers , the number of undiscovered boreholes , the amount 
of casing in the boreholes , waste container leaks , etc . Appendix 
Section D-2 flatly states that "the repository and control zone III are 
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free of pre-existing holes that extend through the salt,  shafts , and 
mining activity . "  This statement is questionable on its face value in 
the absence of conclusive data -- none appeared to be provided . There 
is no mention of holes in the remainder of Control Zone I and in Zones 
II and IV. 

48.  In Section 9 . 1 . 5 ,  Plans for Mitigation of Impacts , the 
discussion of eros ion control should also address controls against wind 
eros ion for those parts .of the site where the soil is particularly 
susceptible . As indicated on page 7-53, the potential for wind erosion 
is high if the vegetative cover is seriously depleted. On page 7-72 , 
it is indicated that Laguna Plata and Laguna Gatuna were formed as 
blowouts . The discussion should also address controls for any areas 
that may be subj ect to flash flooding. In addition, when impacts of the 
proposed action are being discussed in several places (page 9-8) mitigating 
measures are discussed as optional approaches . If a decision is made to 
proceed with a repository at this site, the decision should include a 
pos itive commitment to utilize those measures to limit pollutant impacts . 

49 .  It should be made clear in Section 9 . 2 . 10 . 2  how the populations 
of miners at the potash mines, and of oil and gas workers in the vicinity, 
are included in the exposure calculations . The draft statement indicates that 
the miners are treated as if they were home in Carlsbad rather than at the 
mines . The discussion on page 9-55 also should be enlarged to specify how 
potash miners and oil workers are treated in the calculations . 

50.  In as much as use of diesel-powered waste transporters is 
contemplated (Cnapter 8) , among the conceivable accidents that should be 
considered in Chapter 9 should be those including fires involving the 
transporter and its fuel tanks . 

51.  On page 9-51 , the air-entrainment factor is quoted at 0 . 014 
percent per hour, one tenth the factor quoted earlier in the draft 
statement ; this discrepancy should be cleared up . 

52 . The Department of Energy has put together a high quality evaluation 
of the economic and social impacts of the WIPP proj ect . The economic 
impacts are based on an input-output analysis of the direct and indirect 
impacts of both the construction and the operation periods of the project.  
The draft points out the uncertainties inherent in the economic impact 
proj ections , due to the uncertainty in proj ected alternative employment 
opportunities , specifically in mining and in a proj ected large dam proj ect in 
the area. A minor criticism of the analysis is that the input-output 
evaluation of indirect impacts should have been based on an area somewhat larger 
than Eddy and Lea Counties . It is appropriate that the direct effects be 
measured for those two counties only, but the indirect effects can be 
expected to impact an area larger than these two counties . If the analysis 
had encompassed a larger area, the estimated multipliers of the input-output 
analysis would be expected to be somewhat larger . 
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53·, The cost estimates of the WIPP are given in 1 978 dol lars : 
oonstruction--$225 million ; engineering , construction management ,  and 
technical support--$205 million ; yearly operation--$36 mill ion . An 
estimate of these costs , however rough , needs to be made using 1 980 
dol lars . Also , the effects of lengthened construction time on total 
costs in constant dollars should be discussed . 

54 . In Section 9 . 4 . 1 . 2 , mention i s  made of a reservior project on 
the Pecos River between Artesia and Carlsbad . The final statement 
should address the potent ial of this reservior to induce seismic events 
as a result of the load from its fi lling, and its potential to induce 
changes in the ground water flows . 

55 . The discussion ( in Section 9 . 5 )  of ground water flows and 
their potential transport of leached materials from the site should 
also address the potential for changes to be induced in the ground 
water flows , and for tran sport of leached materials to Carlsbad Caverns .  

56 . Although some of the assumptions used in Section 9 . 5  provide 
bounding analyses that appear to be beyond potential differences due to 
leaching , waste-matrix degradation ,  and changes in the valence states 
of important radionucl ides , these ma tters and their potent ial impacts 
on radionuclide transport should be addressed directly or by reference 
in the final statement.  

57 . The labels of Tables 9-43 and 9 -44 are unclear . If they 
present concentrations in waste in still-intact and unaltered 
containers , this should be specifically stated .  

58 . The suitability of the hydrologic transport model employed in 
the dose rate analysis for the postulated four scenarios is 
questionable . As was stated in Appendix K ,  Section K . 1 . 2 , the bas ic 
equation used in the numerical model was multi-dimensional and 
temperature dependent.  However , the actual model s representing 
scenarios 1 ,  2 , 3 ,  and 4 were one-dimensional and temperature 
independen t .  Therefore , the basic system equations for the numerical 
model could be greatly simplified . The result of reducing the 
numerical model from multi-dimension and temperature dependent to a 
single-dimension and temperature-independent model may result in 
inducing additional unnecessary error of analysis . The combination of 
the above error and the additional numerical error for a transport 
distance of 70 meters has been demonstrated by the Intera Environmental 
Consultants , Inc . in a report to the U . S . Nuclear Regulatory 
Commission . The report analyzed the transport of a radionucl ide with a 
half-life of 433 years , in an aquifer with hydraulic conductivity of 
2 ft/day , by the same numerical model and by the analyt ical solution 
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model . The concentrations of radionucl ide at a distance of 70 meters 
were 1 0-4 and 1 . 5 X 1 0-3 of the original mass respectively for the 
numerical model and for the analyt ical model . The combined error was 
evaluated to be 1 0  or 1 000 percent at a distance of 70 meters . This 
combined error is expected to increase exponentially with the increase 
in the transport distance . Therefore , the results of the analysis 
using the numerical model could have large uncertainties . 

59 . On page 9 -1 00 is a discussion of compilations of scenarios . 
The work by S . E .  Logan and H. C .  Berbano ( EPA 520/6-7 8-005 ) seems to 
be appropriate for inclusion in this discussion . This work was 
specific to this New Mexico site. 

60 . Section 9 . 5  should also include discussion of the potential 
use of waste-contaminated water closer to the site than Malaga Bend , 
via wells for drinking water or stock watering. Figures 7-23 and 7-24 
indicate a number of wells closer than Malaga Bend . Whi le i t  is 
unlikely that anyone would drink water that is 1 00 , 000 ppm salt , they 
might use some that had been di luted by other ground water.  Any 
potential pathway through the Laguna Grande de la Sal should also be 
discussed. 

6 1 .  Section 9 . 5 . 1 . 5 should have its sequence of "events that must 
occur" revised : 

( a )  For the first event,  it is only necessary that institutional 
control fail rather than be los t .  There are many examples of 
institutI'Orial controls failing ; a recent one is the waste tank leak at 
Hanford that went uncorrected for over a month although monitoring duly 
recorded the decreasing level of waste in the tank . Perhaps the state 
of fire prevention at the Browns Ferry Nuclear Power Plant in 
January 1 975 could also be put in this class . 

( b )  With regard to the second event , it is not necessary that 
knowledge of the repository be lost . Fear of its hazards could be 
overcome by avarice, as may have happened with kepone in 
Hopewell , Virginia . It is also not unheard of for people to become 
complacent about hazards ;  experience in this respect i s  given by 
flood-control levees being allowed to fall into disrepair when the 
period between floods grows long. 

62 . Section 9 . 5  addresses subsidence ( page 9 - 1 3 1  ff ) and 
concludes that 1 to 1 . 6  feet of subsidence wi ll be insignificant . The 
discussion should be enlarged to include the effects of subsi dence and 
its concommitant distortion of the rock strata upon the borehole and 
shaft sealing, and whether it could induce failures that should be 
included in the radionucl ide release scenarios . In this respect , 

P-50 



although it is reassuring that water has not flowed into the local 
potash mines in spite of more severe subsidence , the experience time 
period is relatively short . 

6 3 .  The subject of liquid inclusions in the salt at the WIPP site 
and brine migrations along thermal gradients is importan t .  In the 
discussion of brine migration in Section 9 . 5 . 3 . 2 , some mention should 
be made of the potent ial case in which brine migrates to open spaces 
around the canisters and then evaporates and moves through the voids in 
the backfill s alt upward to the room above . It is not clear that the 
bounding analyses of radioactiv� releases ( Section 9 . 5 )  are so broad 
that they envelope al l potent ial problems from brine migration and 
canister corros ion .  

64 . I n  the course of salt closure in the repository , in perhaps 
200 years ( page 9- 1 35 ) it is possible that volumes of noncondens ible 
gases will be trapped and pressurized by the inward creeping salt . The 
discussion of scenario 5 ( Section 9 . 5 . 1 . 5 )  should be expanded to 
address the potential for dr il ling into a pressurized gas volume , 
including the possibility that the gas includes radionucl ides released 
from the waste s .  This drilling sequence should also be examined for 
any mode in which it could tr igger a release of s tored �nergy from 
radiation damage .  

65 . The di scussion of stored energy in Section 9 . 5 , 3 , 5  appears to 
cons ider only the case in which the radionucl ides remain in

. 
the waste 

containers . The discussion should be expanded to cover the potential 
for nucl ide migrat ion into the salt where the beta and alpha energy 
would also be avai lable . 

66 . In preparing the TRU waste from INEL , the s lagging pyrolysis 
process uses makeup soil blended with the waste in the ratio 1 . 5 pound 
per pound of waste ( page 9- 1 55 ) .  This will require some 50 , 000 to 
1 00 , 000 tons of soi l through 1 985 .  The draft EIS makes no mention of 
the source of soil or so il type to be used. We suggest that 
TRU-contaminated soi l be obtained and used for this purpose .  This 
activity appears to present a rare opportunity to solve at least part 
of some existing waste disposal problems at several locations around 
the country . 

67 . The criteria in D . 1 and D . 3  that the repos itory will not be 
breached whi le the wastes remain hazardous should be qual ifie d .  Minor 
breaches may and probably will occur . The per iod should be stated more 
definitely . 

68 . The discussion on page D-8 should address the effect of the 
brine on the ion-exchange propert ies of the geology . Br ines are used 
to remove adsorbed nuc lides from ion-exchange systems . 
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UNITED STATES 
NUCLEAR REGU LATORY COM MISSION 

WASHINGTON, D. C .  20555 

Mr . Eugene Beckett 
W I PP Project Leader 
U . S .  Depa rtment of Energy 
W I PP Project Office  
MS B-1 0 7  
Wa sh i ngton , D . C .  20545 

Dear Mr . Beckett : 

SEP 2 4. 1979 

The U . S. Nuc l ear  Regul atory Comni ss i on ( NRC ) staff has rev iewed the dra� 
envi ro nmenta l impact statement i ss ued by the U. S .  Department of Energy ( DOE )  
rel ated to the Waste Isol ati on Pi l ot Pl ant ( WI PP )  l ocated near Carl sbad , 
New Mexico .  On the bas i s  of our rev iew, the staff offers the fol l owi ng 
general comments .  Deta i l ed co11111ents on the W I PP draft env i rorvnental impact 
statement ( DE I S )  are enc l osed . 

Background 

The DE IS eval uates the env i ro nmental effects of the WI PP  reference repos i tory 
a l ong wi th s ix  other al ternati ves . The DE IS  a ss lJlles that  al l opt i ons woul d be 
l i censed by NRC except opt i on l .  The seven opt i ons presented in the DE IS 
on page l -5 are as fDl l ows : 

l .  No act i on .  No ISF i s  bui l t ,  and TRU waste rema i ns stored at 
the Idaho Nati onal Eng i neering Laboratory and el sewhere as i t  
i s  now . 

2 .  The W I PP reference repos itory i n  southeastern New Mexi c o .  Th i s  
i ncl udes an Intennedi ate Scal e Fac i l ity ( I SF) wi th up t o  1 000 
c001merc ial  spent fuel el ements as wel l as l imi ted mi l itary 
hi gh- l evel waste . 

3.  The W I PP reference reposi tory ,  but wi thout the ISF.  

4 .  Di sposal  of TRU waste in the first avai l ab l e  HLW reposi tory.  
By 1 982 or  soon thereafter ,  s i tes i n  the Gul f I nter ior reg i on 
sa l t  d001es and Hanford basal t shoul d be ava i l abl e for consi dera
tion.  An HLW repository woul d be bu i l t  at  one such s i te , and 
TRU waste woul d be put i nto it . The i n i t i a l  retri evabl e
storage phase of the repos itory woul d ta ke the pl ace of the ISF .  

5 .  De l ay of Al ternat i ve 2 .  By 1 982 or so , the W I PP may al so have 
the cho i ce of dane sal t and basal t s i tes as wel l as the bedded 
sal t s i te at Carl sbad . 
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Mr . Eugene Beckett 

6 .  De l ay o f  Al ternat i ve 3 ,  s imi l arl y .  

SEP 2 4 1979 

7. A l onger del ay .  By 1 985 or somewhat thereaft er ,  s i tes may al so 
be ava i l abl e i n  gran i te ,  tuff , or shal e for a HLW repos itory 
as i n  Al ternat i ve 4 .  

The DE IS c oncl udes that none of the al ternat i ves i s  s uperi or to  the others 
based on en v i rollllenta l consi derati ons ; however ,  a l ternati ve 1 does not appear 
v i abl e over the l ong tenn. The D E I S  further concl udes t hat from a program
mat i c  standpo i nt ,  a l ternati ves 2 ,  3 ,  a nd 5 appear attracti ve .  Wh i l e  the DE I S  
d oes  not expl i c it ly  state wh i c h  of the se al tern ati ves i s  the preferred opt i on ,  
the document impl i e s  that the WI PP reference reposi tory i s  t he a l tern ati ve 
that wi l l  be pursue d .  Indeed , most o f  the document i s  devoted t o  a n  eva l ua
t ion  of env i rorrnental impact s res ul t i ng from the devel opment of thi s opt i o n .  

The W I PP reference reposi tory as  descri bed i n  the DE IS c oul d prov ide  for the 
ul t imate d i sposa l  of 70 mi l l i on cub i c  feet of TRU wa ste . However , c urrent 
pl an s ca l l  only for the d i sposi ti on of that amount of read i l y retri evabl e 
wa ste expected to be stored at the Idaho Nati onal Eng i neeri ng Laborato ry 
{ I NEL )  through 1 990 . Th i s  wa ste wi l l  amount to ab out three mi l l i on cub i c  feet 
or about 800 kg of TRU .  The DE IS  states that the W I PP reference repos i tory 
wi l l  have the ca pac i ty to receive  TRU wa ste from the d i smant l i ng and decon
tami nation  of obsol ete weapons- prod uct ion  fac i l i t i e s  s uc h  as the Hanford 
pl uton i um reactors . Esti mate s of the vol ume of suc h wa ste range from 5 to 95 
mi l l ion  cub i c  feet . The transportati on impact an a lys i s ,  however , d oe s  not 
eval uate the effect s of sh i pp i ng any of thi s d i smantl i ng and dec0fl1Tli ss i on i ng 
wa st e to W I PP .  

Co1T111ents 

1 .  The NRC staff consi ders  that the E IS does not present the bas i c  i nforma
ti on needed to make a reasonabl e comparati ve as ses sment of the al terna
ti ves . For exampl e ,  cost i nformat i o n  whi ch woul d perm i t  a r igorous  
compari son is  not expl i c i tl y  prov i ded . In add i t i on ,  where comparat i ve 
i nfonnat i o n  i s  d i scussed , i t  i s  done in  a rather j ud gmenta l and qua l i 
tat i ve way wh i ch does not fac i l i tate i nd ependent rev i ew and as ses sment 
( e . g . ,  l and  use , resources ,  tran s port , soc i oec onomics , potent i al for 
future d i srupt i o n ,  i sol ati on  potent i a l ) .  The staff con s i d ers that a 
more r i gorous  comparati ve anal ys i s of the al ternat i ves  may i ndeed 
sha rpen the d i fferences among them and l ead to c l earer concl u s i ons 
regard i ng wh i ch a l ternat i ves are preferred . 

2. In  re-eval uat i ng the al ternati ves on a more ri gorous bas i s ,  t he NRC 
staff cons iders t hat parti cul ar attent ion  sh oul d be g i ven to the 
fol l owi ng po i nt s : 

( a )  The DE I S  states that the ca pi tal cost of the WI PP reference fac i l i ty 
{ a l ternati ve 2)  i s  about $430 mi l l i on .  Th i s  woul d resu l t i n  a 
con structi on cost of more tha n  $500 , 000 per k i l ogram .  Fi guri ng 
i n  the operat i ng cost s woul d l i ke ly  run the costs up to i n  the 
order of $1 , 000 , 000 per ki l ogram of TRU d i sposed . 
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The DE.I S poi nts out that al ternat ives such as 4 and 7 coul d resul t 
in  a 40 percent reduction in  l and use whi l e  increasi ng the cost of 
the HLW repository only four to ten percent.  This woul d appear to 
be an enonnous cost advantage.  

Th i s  eval uat i on shoul d be  made expl i c i t  and qua nti tat ive  so  a 
d i rect cost compar i son  can be made. 

{b ) The DE IS  states that al though the W I PP reference fac i l i ty is s i zed 
for d i sposal of 70 mi l l i on cub ic  feet of TRU ,  o nly the materi al 
expected to be stored at I NEL  through 1 990 is be i ng defi n i tely 
intended for d i sposal at th i s  t ime. The DE I S  impl ies , however , 
that th i s  add iti onal capac ity coul d i n  the fut ure be used for the 
l arge quanti ties  of TRU waste which  woul d resul t from di smantl i ng 
of surpl us fac i l i ties  l argely at Hanford {estimates range up to 
95 mi l l i on cub ic  -feet ) . 

El sewhere , the DE IS observes that there woul d be a smal l transpor
tation  advantage if the TRU {at I NEL ) were eventual ly  d i sposed of 
at a HLW repository at Hanford ; however ,  the DE IS  goes on to con
cl ude that thi s advantage is smal l s i nce the d i fferent i al d i stance 
from INEL to Hanford and Carl sbad is smal l .  

If al l of the TRU mater ial  requ i r i ng d i sposal at the other DOE s i tes { particul arly Hanford ) i s  consi dered in the transport effects , 
however ,  substantia l l y  d i fferent concl us i ons woul d l i ke ly  emerge.  
The NRC staff feel s that consi derat i on of the known TRU requi r i ng 
di sposal shou l d  be expl i c itly cons idered . 

{c ) The DE IS d i scusses general ly  that the mi neral resources s i tuat i on . 
at the W I PP reference site woul d have two adverse impacts .  Fi rstly ,  
resources woul d be den i ed  to future generati ons ; and second l y ,  the 
ex i stence of resources at and near the si te coul d i nv ite future 
d i srupt ion .  The DE IS  c oncl udes that these effects are smal l .  
The DE I S  po i nts out , however , that these undesi rab l e effects coul d 
probably be avoided with al most al l the other alternati ves . 

The treatment of th i s  i ssue i n  the DE IS i s  genera l and somewhat 
qual i tat i ve .  DOE shoul d reassess thi s important i ssue on  as quan
titati ve bas i s  as poss ib l e canpar i ng it  wi th the other al ternati ves . 

The potash and hydrocarbon resources at the W I PP s i te shoul d be 
moneti zed and factored i nto the al ternat i ve s ite an al ysi s .  Mi neral  
resources at al ternat ive  si tes , i f  they exi st ,  shoul d al so be con
si d ered in the compar i son  of s ites.  Furthennore , the fi nal 
env i ronmenta l impact statement shoul d el aborate on any tentat i ve 
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pl ans for recoveri n g  these resources pri or to  construct i on ,  d ur i ng  
operat i o n ,  or  after cl osure of the reposi tory .• Any suc h d i scu s s i on  
shoul d put primary empha s i s on the  potent i a l  consequences these 
recovery operat i o ns mi ght have on the i ntegr i ty of the repo s i tory 
to funct i on sat i sfactori l y .  

{ d ) The Fi nal  St atement shoul d recons ider the rel at i ve mer i t s of proceed
i ng ahead at the WI PP reference s i te wi thout comparat ive  i n format i on 
wh i ch wi l l  be av a i l abl e i n  the mi d- 1 980 ' s  from several other s i t e  
characte r i zati on effort s resul t i ng from the HLW program . The mer i ts 
of proceed i ng to ful ly character i ze { i . e . , at  depth expl orat i o n an d 
R&D ) t he WI PP reference s ite in paral l el w ith  t hose be ing  eval uated 
in the HLW program {but not maki ng any construct i on canmi tment s to 
the s i te unt i l the comparat i ve expl orat ion  and R&D i nfonnat i o n  i s  
ava i l abl e ) shoul d be qu ant i tati vely an al yzed . 

3. The analys i s for the WI PP referenced fac i l i ty ( al ternat i ve 2 )  assumes i t  
wi l l  be l icensed by NRC . The DE IS empha s i ze s  that thi s wi l l  prov i de 
an opportun i ty to try the l i cen s i n g process at an early d ate and d i scusses 
the i n st i tut i onal advantages of thi s approach . The W I PP reference case 
al so tJT1pha s i ze s  the cons iderabl e tec hn ica l  advantages of an early I SF 
us i ng  spent fuel where experiments i nvol v i ng hi g h  temperature HLW c oul d 
be perfonned and eval uated at an early d ate . 

Recentl y ,  DOE off i c ia l s have st ated that DOE no l onger wi l l  pursue W I PP 
as a l i cen sed fac i l i ty nor the ISF i nvol v i ng the 1 000 fuel el ements . 
Th i s  woul d appear to greatl y reduce the ut i l i ty of the referenc e al ter
nat i ve from a techn i cal  devel opment standpo int  and wo ul d appear to 
render any prev i ous ly  pos i tive  i nst it uti onal advantages non-ex i stent 
or negati ve .  

The changed · nature of the reference al tern ati ve shoul d be  expl i c i t l y  
incl uded in  the more ri gorous canparat i v e  ana lysi s d i scu ssed i n  
C0111T1ent 2 above . 

fi nal l y ,  i t  must be po i nted out that by c omment i ng on the DE I S ,  t he NRC staff 
does not i n tend to prec l ude it sel f or the ColTITii ss ion  in any way from ( 1 ) carry
i ng out a l i cen s i n g  rev iew ,  i f  sub sequent ly  autho r i zed by l aw ,  in acc ord anc e 
w ith  procedural and substanti ve rul es  and statements of pol icy of the Con1T1 i ss i o n ,  
o r  ( 2 )  denyi ng  a l i cen se or i ncorporati ng cond i t i o ns on any l i cense that may 
be i ssued for the WI PP fac i l i ty at a l ater date that may refl ect a more restr i c 
t i ve po s i t i on than that taken i n  the se canments on the DE I S .  
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Thank you for provi d ing  the NRC with the opportuni ty to comment on the WI PP 
DE IS.  We hope that these conments wi l l  be  of ass istance in  prepari ng the  
f inal  envi ronmental impact statement.  We woul d be pl eased to di scuss these 
comments with you or members of your staff if you so des i re. 

Encl osure :  NRC Conments on 
WIPP  DE I S  

Si ncerely,  

��1.,1,n� 
John B. Mart i n ,  Di rector 
Di vi s ion of Waste Management 
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Speci fi c  Comments - Chapter 1 

The document does not address the i ss ue of safeguards requi rements for 
protecti on of WIPP faci l i ti es or  for protect i o n  of waste mate ri a l s i n  
tran s i t  to or  between  such faci l i ti es .  The F i nal Envi ronmental . Impact 
Statement shou l d  di scuss safeguards requi rements for the fac i l i ty and 
the i mpacts of these requi reme nts . 

Secti on 1 .  l ,  page 1 - 1 , second paragraph The l ocati on  i n  the text contai ni nq 
the defi n i ti ons for HLW and TRU s ho u l d be referenced . 

Secti on 1 .  1 1  page 1 - 1 , thi rd paragraph The document states that "progress i ve 
e l i mi nation  of l ess  des i rab l e  s i tes l ed to the bedded sal t of southeastern New 
Mex i co and to the � I PP refe rence s i te descri bed l ater i n  thi s  document. "  
E i ther i n  Chapter 1 or at some other appropri ate poi nt i n  the text , the process 
of s i te e l i mi nati on shou l d be di scussed.  I nc l uded i n  s uch a di scus s i o n  s hou l d 
be the bas i s , i nc l udi ng both the techni cal  and economi c facto rs , for e l i mi na
ti o n  of the l es s  des i rab l e  s i te s .  

Section 1 . 2 ,  page 1 -2 ,  i tem 1 I t  i s  recommendtd that the fol l owi ng revi s i on 
be made i n  l i ne 7 :  " for the di sposal o f  TRU wastes from other DOE s i tes . 11 

Section 1 . 2 , pages 1 -2 and 1 - 3 ,  i tems 1 and 3 The waste retri eval period  i s  
stated to b e  1 0  years for TRU waste and 2 0  years for spent fue l . The current 
staff opi n i on regardi ng retri evabi l i ty of wastes di sposed i n  deep geo l ogi c 
repo s i tori es i s  that the reposi tory des i gn s ho u l d permi t the waste to be 
retri eved thro ughout the operati ng l i fe of the repos i tory and 50 years thereafter .  

Section 1 .  l ,  page l- 3 ,  Geo l ogy, second paragraph The l ast s entence s tates 
that there wi l l  be 11 • • •  on ly  a temporary den i a l  of access to approxi mate l y  
one-thi rd of the natural gas , three-quarters of the l angbe i n i te ,  a n d  a l l of 
the syl v i te at the reference s i te . 11 Thi s  i mp l i es that zone I V  wi l l  be exp l o i ted 
for hydrocarbons and potash.  However , on page 9-21  it  is  stated that 11m i n i ng 
and dri l l i ng may be a l l owed i n  th i s  zone i f  they woul d not affect the i ntegri ty 
of the s i te , "  wh i c h  means that potas h mi ni ng may not be permi tted .  Therefore , 
the sentence shoul d be reworded to state that there may be o n l y  a temporary 
deni a l  rather than there wi l l  be o n l y  a temporary deni al . 

I f  i t  is  necessary to i ndefi n i te l y  de ny the extracti o n  o f  re sources at WIPP , 
then thi s  wou l d  apparently requ i re l ong-term re l i ance on  i nsti tuti onal contro ) � 
However , th i s  requi rement confl i cts wi th EPA 1 s dr·aft criteri a for radi oacti ve 
waste di sposal , whi ch states that " Contro l s whi ch are based o n  i n sti tuti o nal  
functi ons shou l d not be re l i ed upon for l onger than 1 00 years . 11 Therefo re , 
the fi na l  envi ronmenta l statement shou l d addres s  DOE 1.s p l ans for denyi ng these  
resources after 1 00 years . 

Section 1 . 2 , page 1 -2 ,  Item l The document states that WIPP wi l l  rece i ve 
TRU waste from the Idaho Nati onal Engi neeri ng Laboratory ( INEL ) .  Howe ve r , a 
recent Department of Energy document ( DOE/ET- 0081 )  states o n  page 1 -4 of that 
document that 11 8efore a dec i s i on i s  made for l ong-term management of I N E L  TRU 
stored was te , a Programmati c EIS , coveri ng both buri ed and stored was te , wi l l  
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be p repared . "  The document further states on page 7-5 that the draft E I S  wi l l  
be comp l eted i n  l ate 1 979 . It  woul d  appear that the i ss uance of th� WI PP EIS  
shoul d have been subsequent to the i ss uance of  the progra�.mati c EIS  di scussed 
i n  OOE/ET-0081 . The fi nal envi ronmental statement on WI PP s houl d reconci l e  
and di scuss the sequenci ng and objecti ve s  

·
of the vari ous envi ronmental i mpact 

statements that have been or wi l l  be i ss ue£!. 0y .D!lf . 

Section  1 . 2 , pages 1 - 2  and 1 - 3  An i mportant concern about mi neral resources 
at the WI PP s i te i s  the probab i l i ty that these r�sources wi l l  attract future 
expl orati on and i ntrus i on .  The fi nal envi ronmer.tal statement shou l d  d i scuss  
the i mpacts that future mi neral exp l orati on acti v i ti es coul d  have . on reposi to''Y 
performance . 

Secti on 1 . 2 ,  page 1 -3 ,  Geo l ogy, thi rd paragraph The bas i s  for stati ng the 
11 l ow sei smi c i ty11 of the s i te area shou l d  be provi ded. 

Secti on 1 . 2 , page 1 -4 ,  fourth paragraph The document i ndi cates that under-
ground di sso l uti on of sal t i s  an acti ve process  i n  the reg i o n  of the s i te ( 11 At 
the s i te i tse l f  di ssol ut i o n  has removed some sal t from above the Sal ado" ) .  
Al though Anderson ( 1 978) be l i eves that the s i te i s  i n  a n  area o f  the Del aware 
Bas i n  that i s  rel at i vely free of deep di ssol uti on features , he i nd i cates that 
l ocal i zed features are present i n  the v i c i n i ty ( see page 7-74 ) . He al sc  
i nd i cates that the rates of deep d i sso l uti o n  are di ffi cul t  to  asses s and does 
not be l i eve that esti mates can be made wi th any degree of confi dence from the 
ava i l abl e data ( se( page 7-75) . Thus , the draft statement does not convey 
confi dence that di ssol uti on proces ses or rates are s uff i c i ently understood to 
l ocate WI PP i n  an area of active di ssol uti on prr. cesses . The staff bel i eves 
that addi ti onal i n format i o n  i s  needed on current rates of d i ssol uti on and o n  
changes wh i ch mi gh� occur i n  di ssol uti on rates i n  the future . The f i nal 
statement shou l d  di scuss the effects that boreho l es , wel l s ,  changes i n  hydro l lg
f cal cond i ti ons , and mi neral expl orati on acti v i ti es  cou l d  have o n  d i sso l uti on 
rates i n  the s i te v i c i n i ty .  

Secti on 1 . 3 , page 1 -5 ,  fi rst paragraph The document states that the reference 
s i te i n  southeastern New Mexi co and the p l ant des i gn were chosen becaus e  they 
were "the most ccmpl ete l y  anal yzed of the al ternati ves . 11 The sel ecti on of the 
refere nce case shou l d  be based on a comparati ve eval uati on of the rel evant 
envi ronmental , economi c ,  and techn i cal factors of each al ternative  cons i dered. 

Secti on 1 . 3 , pages 1 - 9 , thi rd paragraph Thi � document states that the 
al ternative of no act i on ( i . e . , l eavi ng the TRU waste at I NEL) i s  u nacceptabl e  
f n  the l ong term .  Howeve r ,  a compari son of Tab l e  3- 1 , whi ch i l l ustrates the 
l ong- term rad i o l og i cal  consequences of no acti on , wi th Tabl e 3- 5 ,  wh i ch di spl ays 
the rad i o l ogi cal i mpacts of transportati on of waste to the WIPP s i te ,  shows 
that the rad i o l ogi cal i mpacts are of the same order of magni tude . For exampl e ,  
the expos ure resul ti ng from a transportati on acci dent i nvol v i ng a rai l s h i pme11t 
of CH TRU waste i s  provi ded i n  Tab l e  3-5 to be 0 . 49 rem , 0 . 025 rem , and 0 . 01 2 rem 
to the bone , l ung , and who l e  body respecti ve l y .  Tab l e  3- 1 shows that for improved 
confi nement at INEL , the respecti ve doses as s umi ng a l ava fl ow re l ease mechani sm 
wou l d  be 0 . 5 ,  0 . 9 ,  and 0 . 0003 rems , respecti ve ly .  
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I n  v i ew of the s i mi l ar l ong-term i mpacts betwee n  the reference case (WI PP) and 
the no acti on al ternati ve , the fi nal envi ronmental statement s hou l d· exami ne i n  
greater detai l the need for the proposed acti o n .  

Secti on  1 . 4 ,  page l - 6 a  fourth paragraph Justi fi cati o n  s hou l d .be gi ven for 
the statement that , 11 • • •  an esti mated 3% o f  the U . S .  reserves of thi s  mi neral 
( l angbe i n i te) woul d  be deni ed for perhaps several decad� s . 11 Thi s statement 
imp l i es that the l angbei n i te i n  control zones I ,  I I , and I I I  wi l l  be mi ned i n  
perhaps several de�ades .  Such a statement s hou l d b e  accompan i ed wi th a ful l 
analys i s  of the im�acts of mi ni ng i n  control zor.es I ,  I I , and I I I  wi th spec i al 
emphas i s  on waste i so l ati on .  

Use  of  the WIPP s i te may enta i l  the l ong-term deni al of  mi neral resources i n  
contro l  zones I ,  II , I I I , and IV. These res o urtss are stated i n  Sect i o n  9 .  1 . 4 . 2  
to i nc l ude 1 1 . 6% of the U . S .  res erves  of l angbe i n i te .  Thi s stati sti c s hou l d  
be i ncl uded i n  Secti on  1 . 4 .  

Secti on 1 . 4 ,  page 1 -6 ,  s i xth paragraph It  i s  s uggested that the 50 year 
dos e  commitment to the maximal l y  exposed i nd i v i dual and to the popul at i o n  from 
the postul ated tranportati on acci dent s hou l d be stated numeri cal ly  as wel l  as 
a percentage of natural background. 

Secti on 1 . 4 ,  page 1 -8 ,  second paragraph An expected rel ease i s  equal to the 
s um of the probab i l i ti es of rel ease t i mes  the amount of rel ease .  Si nce the 
probabi l i ti e s  for al l rel eases are not zero , the expected rel ease of rad i o
acti v i ty i s  not zero . · 

Secti on 1 . 4 ,  page 1 - 8 ,  fourth paragraph For c l ari fi cati o n ,  the bas i s  for 
the $280 mi l l i on cost esti mate s hou l d  be referer.ced. 

Secti on 1 . 4 , page 1 - 9 ,  second paragraph The fol l owi ng statement i s  made:  
"It appears that the al ternati ve  of no acti on (al ternati ve 1 )  i s  unacceptabl e 
for the l ong term and that there i s  no c l ear e nv i ronmental bas i s  for choo s i ng 
among the remai ni ng al ternati ves . "  No di scus s i on i s  presented for the accep
tance or rej ect i on of the no acti on al ternati ve for the s hort-term. P l ease 
prov i de the omi tted di scus s i on .  Al so , it i s  not obvi ou s  that , " there i s  no 
c l ear �fiv i ronmental bas i s" for choos i ng among the al ternatives . The envi ron
�enta) i mpacts addresssed throughout thi s  s ecti on  shou l d  be eval uated and 
compared. An analys i s  based upon "pol i cy object.i ves 11 i s  not suffi c i e nt for an 
envi ronmental i mpact statement. 
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Speci fi c Comments - Chapter 2 
The draft statement s hou l d con s i der al ternative  di sposal methods for the DOE 
TRU wastes .  

Sect i o n  2 .  1 . 2 1  page 2-2 .  thi rd paragraph 
should be "cri teri a . " 

It  appears that " de s i derata" 

Section  2. 1 . 3 ,  pages 2-3 through 2-6·, Stage 1 of the process The DEIS does 
not provi de the l og · c needed to proceed from stage 1 of the s i te sel ecti on 
process to stage 2. Stage 1 i s  defi ned in Tab l e  2- 1 (page 2-3 )  as. the step 
which wou l d  "sel ect storage med i a ;  defi ne geographi c regi ons where they occur ;  
con s i der thei r characteri sti cs in  terms of tentati ve se l ecti on  cri teri a . " The 
di scus s i on presentei! does not prov i de the rati onal e or supporti ng data for 
sel ecti ng bedded sal t  as, the preferred medi a  or  eastern New Mexico as a regi on  
for further study .  

Secti on 2. 1 . 3 , pag�� 2-3 through 2- 1 2  Tabl e 2- 1 (page 2-3 )  de�cri bes a 
four-stage s i te s e l ecti on process , however , the text presents only three 
steps . 

Section 2 .  1 . 3 , pages 2-7 through 2- 1 2, Stage 3 o f  the process Tab l e  2- 1 on 
page 2-3 states that stage 3 of the s i te se l ecti on  process wil l i nc l ude con
ducti ng detai l ed fi e l d  studi es of candi date s i tes . Howeve r ,  the di scus s i on of 
the. stage 3 process does not i ndi cate that detai l �d fi e l d studi e s  were undertaken 
for the e i ght candi date s i te s .  

I t  i s  not cl ear whether the cri teri a outl i ned o n  pages 2-7 and 2-8 were devel oped 
pri o r  to the se l ecti on of the e i ght s i te areas � �enti f i ed i n  Tab l e 2-2 (page 2- 1 0 ) ,  
�r i f  the s i tes we!� se l ected and the cri teri a devel oped and app l i ed l ater .  
If  the cri teri a were used t o  sel ect a s i te ,  then o n e  cou l d questi on why several 
of the s i tes were sel ected for compari son.  For exampl e ,  the fi rst cri teri on 
states that "the s i te shoul d be at l east 6 mi l es from the Capi tan reef . 11 Yet 
fi ve of the e i ght s i tes do not comp l y  with thi s  cri teri o n .  I f  s i tes w i th i n 
6 mi l es are not v i abl e s i tes , then the analys i s  presented i n  Tabl e 2-2 compare s 
only three real  al ternati ves . 

The al ternative s i te i nvesti gati on s hou l d contai n i nformati on  and compari sons 
of the ·rel ati ve envi ronmental effects of each of the al ternati ve s i te s .  For 
exampl e ,  Tabl e 2-2 (page 2- 1 0) contai ns no i nfo�ati on on the re l ati ve  importHnce 
of the eco l ogi cal aspects of each si te. 

fabl e 2-2 , page 2- 1 0 The we i ght ( i . e . , degree of i mportance ) g i ve n  to each 
cri terion shou l d  be shown . Those cri teri a whi ch ,  i f  �ot compl i ed wi th , woul d 
rul e out the use of a s i te shoul d be i denti fi ed. 

Cri teri on 2 (central 3 mi l es sho u l d  not be i n  potash di str i ct) and 4 (avo i d  
known o i l  and gas trends ) shou l d  take i nto account future exp l orati on  that may 
resul t from the known presence of potash ,  o i l  and gas . Al though thi s future 
expl oration i s  acknowl edged i n  the text , i t  i s  treated as a non-probl em . 
Substantiation  for the non- probl em v i ew shoul d be prov i ded.  
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Cri teri o n  5 ( at l east one mi l e  from the nearest di ssol uti o n  front) cons i ders 
only  present or accumul ati ve rate of di s so l uti on . The d i scus s i o n  shou l d  
c l ari fy whether consi deration  was gi ven to pote ntial  i ncreas e s  i n  rate of 
d i s so l uti on due to c l i mati c changes in the di stant future , i . e . , the extreme 
rates of di s s o l uti on .  

Cri teri on 9 (di stance and popul ati on of nearest town) cons i ders only pre sent 
popu lati on . I t  shou l d con s i der future growth . 

Secti on 2 .  1 . 3 , paae 2- 1 1 ,  fi fth paragraph References to the anal yses i n  the 
document shoul d  be gi ven to support the conc l us i on that the rema i n i ng questi o�s 
i n  area 1 ( i . e . , cri te r i a  i n  confl i ct)  " e i ther l!o not affect repos.i tory i nteg d ty 
or are found to be nonprobl ems . 11 

Secti on 2 . 2 . 2 ,  page 2- 1 6 ,  i tem 2 The document po i nts out that i t  i s  u n l i ke l y  
that there wi l l  b e  another opportun i ty to bui l d  a repos i tory dedi cated on ly  tu 
TRU wastes because future HLW repo s i tories are expected to be avai l ab l e  for 
storage of both HLW and TRU waste . Th i s  i s  not neces sari ly correct unl es s  i t  
i nc l udes a bas i s  for assum i ng that TRU wastes a n d  HLW wi l l  be  compat i b l e 
(after breach of the respect i ve contai ners ) .  For examp l e ,  TRU wastes from 
.di smantl i ng and decommi s s i on i ng may conta i n  cheni cal s that cou l d  i ncrease  thE. 
mobi l i ty of rad i oni ·c l i des i n  HLW.  

Sect i on 2 . 3 . 3 ,  page 2-22 , s econd paragraph The document states that WIPP  
has  the capac i ty to  recei ve some T R U  waste from d i smantl i ng and  decontami na
t i on of obsol ete w� apons p roducti on faci l i ti e s .  I t  shou l d  b e  noted that 
di smantl i ng and decomm i s s i on i ng (D&D) wastes can be very radi oacti ve and 
prov i s i ons for as suri ng the i r  safe di sposal  shoul d be d i scussed.  Furthe r , the 
DEIS  states that the transportati on i mpact analyses presented l ate r i n  the 
document do not ass ume that any of the O&D waste i s  sent to the WI P P .  The 
ass umpti on that n0 1 ,e of thi s D&D waste i s  transported to the WIPP i s  not 
cons ervati ve .  The fi nal statement shoul d i ncl ude D&D waste i n  the transport�
tion i mpact analyses . 

Secti on 2 . 3 . 3 ,  page 2-24 , fi rst paragraph For compl etenes s , a bri ef d i scus s i on 
shou l d  be i nc l uded concern i ng the u l timate di sposal  of the experi mental waste 
recovered and removed from the WI P P .  The d i scuss i on shoul d a l so addres s  
whether the was te woul d be proces sed o r  packaged at the WI PP  for transporta
ti o n .  

Section  2 . 3 . 3 ,  page 2-24 , second paragraph Provi de the bas i s  for stati ng 
that 11 l i tt l e  defen�e h i gh- l evel waste has been produced . " 

Secti on 2 . 4 . l ,  page 2-26 , second paragraph , second i tem Thi s i tem states 
that the commi tment to remove al l nuc l ear waste brought i nto the experi mental 
area means that the experi ments i ntroduce no l ong-term envi ronmenta l ri s ks o f  
the i r  own . The experiments may re s u l t i n  p rov i d i ng a pathway for water mi gra
tion  or may i ncrease the ri s k  of mechani cal  fai l ure , parti c u l ar l y  when the rmal  
testi ng is  performed . Therefore , l ong- te rm effects may res ul t from the experi 
ments and thi s pos s i b i l i ty shou l d  be factored i nto the ana l ys i s .  
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A more spec i f i c  system of refere nc i ng shoul d  be used . The statement that i s  
referenced shou l d  be keyed to the reference . Page numbers of the references , 
where app l i cabl e ,  shoul d  be g i ven .  
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Speci fi c  CommLnts - Chapter 3 

Chapter 3 I n  the econom i c  compari sons betwee n  al ternati ves , the document 
does not cl early spec i fy whi c h  cost di fferences are for the WIP P  project 
al ternati ves ( e . g . , WI PP costs wi th an !SF v s .  WIPP costs wi thout an !SF)  and 
whi ch represent the di fference i n  cost to soci ety ( e . g . , cost of i nteri m 
storage for spent fue l and saved opportun i ty cost of the WIPP i nvestment) . 

There shou l d  be a secti on that compares the re l ati ve costs and benefi ts o f  
al ternati ves . The compari son shou l d i nc l ude a cost estimate i n  constant 
dol l ars and an esti mate of the envi ronmental i mpacts ( both radi o l ogi cal and 
nonrad i o l ogi cal ) fo r each  al ternati ve .  

Section  3 .  l ,  page 3 - 1 , second paragraph Thi s di scus s i on i nd i cates that no  
rel eases of  radi oacti v i ty are expected to  occur at INEL  as a resul t of natural  
di sasters for the next 1 00 years . The  di scuss i on shoul d state the  bas i s for 
thi s asserti on and why such events are not expected duri ng thi s peri od . A 
stronger case shoul d be made for the urgency of movi ng the wastes to the WIP P .  

I n  the thi rd l i ne ,  " produce i n" shoul d be " produce . "  

Section 3 .  l ,  pages 34 and 32 The al ternati ves that are offered are e i ther 
no acti on or programmati c de l ays of 2-6 years to qual i fy other s i tes i n  sal t 
( bedded and domed)  and i n  other geo l o g i c  med i a .  The statement poi nts out that 
there i s  no s i gn i f i cant i ncrease i n  ri s k  to the heal th and safety of the 
publ i c  over the near term i f  the TRU waste i ntended for the WI PP repo s i tory 
remai ns i n  I NE L .  Thus , wi thout an urgent need f� � geo l og i c  di sposal o f  the 
TRU waste at I NE L ,  the draft statement fai l s  to make a strong case for the 
proceedi ng wi th WI PP before the analyses of al ternate geo l ogi c  medi a  and 
al ternate s i tes  are compl eted.  

Secti on 3 .  l ,  page �- 2 ,  fi rst paragraph Thi s  d i scus s i on predi cts that an 
i ndi v i dual  l ung dose of 9 rem and references Tabl e 3- 1 ,  Subal ternati ve 3 .  
However , Tabl e  3- 1 , Subal ternative  3 s hows a l ung dos e  of 0 . 2 rem .  The d i s
crepancy (a factor of 45) s houl d  be reso l ved . 

Tab l e 3- 1 ,  page 3-2 The bas i s  for the esti mated doses due to vol can i sm and 
i ntrus i on sho u l d be di scussed.  It  seems unl i ke l y  that consequences of a 
future vol can i c  erupti on and res u l ti ng l ava fl ow woul d be ten t i mes hi gher 
than that resul ti ng from i ntrus i on by man .  Al so , there appear to be other 
rel ease mechan i sms that are not accounted for but whi c h  s hou l d be assessed , 
i . e . , rel eases due t.o acci dents (pl ane crash , nea rby expl o s i ons ) , g l ac i ati on , 
cl i mati c changes and tornadoes . The acti on  of groundwater should be accounted 
for. 

The i ndi v i dual bone dose of 0 . 8 rem for the vol cano mecha]li sm ,  Subal ternati ve 2 ,  
shoul d  be 0 . 08 rem ( see Tab l e  9-63 , page 9- 1 71 ) .  

Secti on 3 . 2 ,  page 3- 3 ,  second paragraph The deni al o f  mi neral resources 
shoul d be added to the l i st  of s i te i mpacts resu l ti ng from WIPP .  

P-64 



Speci fi c Comments - Chapter 3 

Chapter 3 In the econom i c  compari sons between al ternati ves , the document 
does not cl early speci fy wh i ch cost di fferences are for the WI PP p�oject 
al ternati ves ( e . g . , WIPP  costs wi th an ISF vs . WI PP costs without an ISF)  and 
whi ch represent the di fference i n  cost to . soci ety ( e . g . , cost of i nter i m  
storage for spent fue l and saved opportuni ty cost o f  the WI PP i nvestme nt) .  

There shoul d be a section  that compares the re l ati ve costs and benefits of 
al ternati ves . The compari son shoul d i ncl ude a cost esti mate i n  constant 
dol l ars and an esti mate of the envi ronmental im�acts ( both rad i o l og i cal and 
nonradi o l ogi cal ) for each al ternati ve . 

Secti on 3 .  l ,  page 3- 1 , second paragraph Thi s  di scus s i o n  i nd i cates that no 
rel eases of radi oacti v i ty are expected to occur at INEL  as a resul t of natura l 
disasters for the next 1 00 years . The di scus s i on shou l d  state the bas i s  for 
thi s  assertion and why such events are not expected duri ng thi s  peri od . A 
stronger case shoul d be made for the urgency of mov i ng the wastes to the WIPP . 

In the thi rd l i ne ,  " produce i n" s houl d be "produce . '' 

Secti on 3 .  l ,  pages 34 and 32 The al ternati ve� that are offered are e i ther 
no acti on or progr� mmati c  de l ays of 2-6 years to qual i fy other s i tes i n  sal t 
(bedded and domed) and i n  other geo l og i c  med i a .  The statement poi nts o u t  that 
there i s  no s i gni fi cant i ncrease i n  ri s k  to the heal th and safety of the 
publ i c  over the near term i f  the TRU waste i ntended for the �WIPP repos i tory 
remai ns i n  I NEL.  T hus , wi thout an urgent need for geo l ogi c di sposal of the 
TRU waste at INEL , the draft statement fai l s  to make a strong case for the 
proceedi ng wi th WIPP before the analyses of a l te rnate geo l ogi c medi a and 
al ternate s i tes are compl eted . 

Section 3 .  1 ,  page 3- 2 ,  f i rst paragraph Thi s  d i scus s i on predi cts that an 
indivi dual l ung dose of  9 rem and references Tab l e  3- 1 , Subal ternati ve 3 .  
Howeve r ,  Tabl e  3-1 , Subal ternati ve 3 shows a l ung dose o f  0 . 2 rem. The d i s
crepancy (a factor o f  45 ) shou1 d be resol ved. 

Tab l e 3- 1 ,  page 3-2 The bas i s  for the esti mated doses due to vo l cani sm and 
i ntrus i o n  sho u l d  be di scussed. It seems unl i ke l y  that consequences o f  a 
future vol cani c erupti on and res ul ti ng l ava f l ow wou l d be ten ti mes hi gher 
than that resul ti ng from i ntrusi o n  by man .  Al so , the re appear to be other 
rel ease mechani sms that are not accounted for but whi c h  shou l d  be as ses sed , 
1 . e. , rel eases due to acci dents (pl ane crash , nearby expl os i ons ) ,  g l aci ati on , 
cl i mati c changes and tornadoes . The acti on o f  groundwater s ho u l d  be accounted 
for. 

The i ndivi dual bone dose of 0 . 8 rem for the vol cano mechani sm , Subal ternati ve 2 ,  
shou l d be 0 . 08 rem ( see Tabl e 9-63 , page 9- 1 71 ) .  

Secti on 3 . 2 ,  page 3- 3 ,  second paragraph The den i al of mi neral res ources 
sho u l d  be added to the l i st of  s i te impacts res u l ti ng from WIPP .  
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Tabl e 3-2 , page 3-4 The footnote states the TRU waste vol ume from INEL for 
the CH l eve l as 2 . 4 x 1 06 ft3 , and ful l  capaci ty of the CH l evel as 
70 x 1 06 ft3 . Provi de the source ( s )  of the TRU for the remai n i ng 67 . 6  x 1 06 ft3 
of TRU waste not from INEL .  A l so , i t  is  prev i ously stated i n  Sect i o n  1 . 2 
(page 1 -4 ,  n i nth paragraph )  that the recei pt rate i s  1 . 2 x 1 06 ft3/yr. At 
thi s rate , approxi mately 60 years wou l d be requi red to recei ve and store the 
70 x 1 06 ft3 of waste , contrary to the 30 year design  l i fe (Secti on  1 . 2 ,  
page 1 -4,  e i ghth paragraph) . 

Tabl e 3-3 ,  page 3-5 The 1 1 . 6% of U . S .  reserves estimate for l angbe i n i te 
shoul d refer to footnote 11 b 11 rather than 11 a . 11 

Secti o n  3 . 2 . l ,  pag� 3-6 ,  f i rst paragraph The fi rst sentence states that 
mi neral resources "wi l l  eventua l ly" be rel eased for exp l o i tati on .  The second 
sentence statas th�t subsurface devel opment "wou l d  probably" be al l owed i n  the 
outer contro l zone ( emphas i s  added) .  These statements are not enti rely con
si stent with one another and shoul d be reconci l ed .  I f  the conc l usi on  i s  that 
mi neral resource s  wi l l  be recovered , j usti f i cati on for that conc l us i o n  s hou l d  
be provi ded. 

The reference to Secti on 8.  1 . 2  in the second sentence shou l d  be Secti on  8. 1 . 3 . 

Rul es under whi c h  some of the subsurface deve l opment ri ghts cou l d be restored 
are not c l early defi ned i n  e i ther thi s  sect i o n  or i n  Secti on 8.. 1 . 3 . 

Section 3 . 2 . 3 ,  page 3-9 , fi rst paragraph Radi � l ogi cal dose esti mates i n  
thi s  secti on shoul d  be made on an annual bas i s .  For examp l e ,  i f  a truck 
dri ver rec e i ves an average exposure of 40 mrem per trip and makes a few tri ps 
dur i ng a one-year peri od , the total annual exposure woul d be on the order of 
background.  Add i ti onal l y ,  transport workers , a: � hough they may rece i ve an 
occupati onal rad i a � i o n  dos e , are not cons i dered to be rad i ation  workers i n  
accordance wi th the defi n i ti on i n  1 0  CFR 1 9 . It may be more proper to compare 
the i r  exposure to the l evel s permi tted i n  unrestri cted areas whi ch s houl d not 
res u l t i n  an exposure exceedi ng 500 mrem i n  a year. 

Tab l es 3-6 through 3- 9 , pages 3- 1 0  through 3- 1 3  These tab l es present dose 
or dose commi tments to i nd i v i dual s and the popu l at i o n .  The 50-year dose 
convni tments cal cul ated are due to reposi tory oper�ti on i n  a peri od of o ne 
year. However , the natural background dose commi tme nt was obtai ned by mul ti 
plyi ng the natural background radi at i o n  recei ved i n  one year ti mes 50 years of 
expos ure . Thi s i s  not a cons i stent compari son .  The l atter i s  not a 50 year 
dose commi tment due to one year 1 s expos ure , but i s  a cumul at i o n  of 50 years of 
background expos ure . To be con s i stent , the bac kground radi ati on dose commi t
ment for one year ' s exposure (� 0 .  l rem) shoul d be pr�se nted. Thi s  wi l l  i n  
turn a lter the percentage compari sons between expos ure due to repos i tory 
operati on and natural background . Such compari sons s houl d b e  revi sed accord
i ngly throughout the document. 

Secti on 3 . 2 . 5 ,  page 3- 1 0 , fi rst paragraph The document states that no 
rel ease of radi oacti ve materi a l  i s  expected after the repos i tory i s  seal ed .  
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The bas i s  for th i s  assumption  shou l d  be presented taki ng i nto account al l the 
reasonably l i ke ly  events that cou l d affect the repos i tory. (See coaanent on  
Sect i on 9 . 5 . ) 

Tab l e 3-7 , page 3- 1 1  
of 11a. 11 

The s uperscript on  "worst sector" shoul d be 11 b 11 i nstead 

Secti on 3 . 2 . 7 ,  pages 3- 1 3  and 3- 1 4 ,  second paragraph , 1 tem 1 It  i s  stated 
that " about one- th i rtieth of the know U . S .  reserves of the mi neral l angbe i n i te 
wi l l  be kept from exp l o i tati on for a l ong time , pos s i b l y  several decade s . 11 
Thi s statement i mp l i es that the l angbe i n i te wi l i  be mi �ed at some ti me i n  the 
near future ( several decades ) .  Such a statement s hou1 d be accompan i ed by a 
ful l analys i s  of the potent i al i mpacts of mi n i ng wi th speci al emphas i s  on  
waste i so l ation .  

Tab l e 3- 1 0 ,  page 3- 1 4  Pl ease c l ari fy how the empl oyment percentage fi gures 
presented under Soc i o economi c i mpacts were cal cul ated ( i . e . , whethe r  the 
fi gures app ly to popu l ati on , emp l oyment , or l abor force) .  

Section 3 . 3 2  pages 3- 1 7  and 3- 1 8  The s ummary fai l s  t o  emphas i ze the degref� 
change of envi ronmenta l  i mpacts betwee n  a TRU/I�F  fac i l i ty and a TRU fac i l i ty .  
It  i s  not apparent that the reduction  of doses from normal operatio n , trans
portation , and acc i dents i s  i ns i gni fi cant. For examp l e ,  thi s s ummary confl i cts 
wi th the statement prese nted i n  the di scus s i on on pos s i b l e l ong- term i mpacts 
i n  Section 3 . 4 ,  pa9e 3-25: " I n  the analys i s  of l ong-tenn �impacts at the 
reference repos i tc . y , the rel eases from spent fue l have much more severe 
effects than the re l eases from TRU waste (Tab l e  3-7 and Secti on 9 . 5 .  1 ) . 1 1 

Section 3 . 4 ,  page 3-23 , fi fth paragraph P l ease provi de the references or  
the  empl oyment pre J i cti ons rangi ng from 1 , 000 to 1 , 500 empl oyees at a H LW 
repos i tory i n  s a l t .  

Section  3 . 4 ,  page 3-24 , fourth paragraph For cl ari fi cati on , i t  i s  suggested 
that a n umeri ca l compari son be made b etween the estimated dose  commi tment. for 
a HLW repo s i tory and the doses recei ved from natural background s ource s . 

Section  3 . 4 ,  pag� - 3-25 , Poss i b l e  l ong- term i mpacts The di scuss i o n  shou l d  
c l ari fy whether the e ffect o f  mixi ng che l ati ng agents and organi c s  (that may 
have been added to TRU wastes to faci l i tate di smantl i ng and decommi s s i on i ng) 
upon the mob i l i zat) on of HLW was consi dered. 

Secti on 3 . 5 .  l ,  pagP. 3-27 , second paragraph The document i mp l i es that the 
generation rate of defense TRU waste i s  dependent upon the timi ng of WI PP.  It 
i s  not apparent how the del ay of WIPP woul d  i ncrease the quanti ti e s  of defense 
TRU waste . 

Secti on 3 . 5 .  1 ,  page 3-27 , fourth paragraph P l ease exp l ai n i n  greater detai l  
how the esti mated de l ay cost of $280 mi l l i on was cal c u l ated .  Does i t  i nc l ude ( 1 ) the saved opportun i ty cost of the WIPP i nvestment , and (2)  the cost of 
i nterim storage e l sewhere? A l s o  thi s  fi gure shoul d  be recal c u l ated and pre
sented i n  constant do l l ars to refl ect the true cost of de l ay and re i ni ti at i on 
of present efforts . 
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Section  3 . 5 . 2 , page 3-31 , second paragraph The document states that " no 
ri gorous compari son of the l ong- term i mpacts of TRU-waste repos i tori e s  at 
al ternat i ve s i tes can be made . " It  i s  the v i ew of the NRC staff that s uc h  an 
analys i s  i s  requi r�d to perform a proper HEPA analys i s .  

Section  3 . 5 . 2 ,  page 3-31 , s econd paragraph The document states that studi es 
to date have shown no reason to expect that any of the s i tes  are cl early safer 
than the others . A repos i tory i n  basa l t  may have a s i gni f i cant advantage over 
the other consi dered medi a due to a reduced potenti a l  for i ntrus i on ( e . g . , 
basal t s i tes  are n't l i ke l y  to be exp l ored for o i l and gas ) .  
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Speci fi c  Conrnents - Chapter 4 

Chapter 4 .  page 4- 1 .  second paragraph S i nce i t  i s  the j udgment of the NRC 
that the DEIS does not present a detai l ed and comprehensi ve analys i s  of  
al ternati ves , we cannot accept the conc l us i on that the cho i ce betwee n  a l ter
natives rests " l argel y  on  programmi c consi derati ons . "  

Chapter 4 The programmati c  i mpacts shoul d i ncl ude a di scussi on of whether 
the concept of co-storage of TRU and HLW i s  feas i b l e from the standpo i nt of 
i nteracti o ns betwee n  the two types of waste. A� though compati b i l i ty i s  
assumed , i t  may not be true .  Thu s , some al tern ,,.tf ves may not b e  feas i b l e . 

Chapter 4 ,  page 4-5 .  Summa'?' It i s  not apparent from the s ummary that 
alternati ve 6 does not meri t favorabl e con s i deration s i nce it i s  a combi nati on 
of al ternati ve 3 ( i . e . , no lSF) and al ternati ve 5 ( i . e . , del ay and pos s i b l y  
rel ocate ) .  P l ease provide the rati onal e for al ternati ve 6 not rece i v i ng more 
favorabl e  cons i deration .  
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Speci fi c Comments - Chapter 5 

Chapter 5 Thi s  chapter sets forth the acceptance cri teri a for wa�te forms . 
However , the document does not provi de a descri pti o n  of the anti c i pated waste 
forms and associ ated packagi ng. The fi nal statement s ho u l d  provi de a detai l ed 
descri pti on  of the antici pated waste forms , i nc l udi ng a des�ri pti on of the 
contai ners , packages , overpac ks , and any other additi onal engi neered barri ers , 
for al l radi oacti ve wastes to be emp l aced i n  the WI PP faci l i ty.  

Thi s chapter cons i ders al ternati ve process i ng techni ques for fi nal i z i ng the 
waste form of TRU w�ste . A s i mi l ar analys i s  s hou l d be provi ded which  eval u
ates the vari ous te�hni ques for processi ng spent fue l  i nto other waste forms . 
The analys i s  shou l d  cons i der on a comparati ve bas i s  the envi ronmental i mpacts 
of each al ternati ve , i nc l udi ng the one whi ch i s  proposed.  

Secti on 5 .  l ,  pages 5- 1 through 5-7 The criteri a and des i gn meas ures for 
i nsuri ng the prec l us i on of criti ca l i ty events s houl d  be pro v i ded. 

Secti on 5.  l ,  page �- 1 ,  second paragraph The document states that a fi nal 
waste form acceptance cri ter i a  document wi l l  be pub l i s hed i n  July  1 979.  
Pl ease rel ate wheth�r thi s  document has been publ i s hed yet for publ i c  di ssemi 11-
ati on .  

Secti on 5 .  1 .  l ,  page 5- 2 ,  thi rd paragraph Combusti b l e  materi al s are defi ned 
herei n as any mater i a l  that wi l l  sustai n combusti on i n  ai r at a tempere1ture of 
1 475° F for a peri od of fi ve mi nute s .  The techni r al bas i s  for thi s  defi n i ti on 
shoul d be stated , i nc l udi ng the testi ng method and envi ronment , or the app l i cabl e 
i ndustry code ( e . g . , ASTM) . 

Secti on 5 .  1 .  l ,  page S-2 ,  fourth paragraph Gas produci ng material s are 
defi ned here i n  "as any material  that produces gas duri ng  i ts decompos i ti on . 11 
Thi s defi n i ti on seems so al l i nc l us i ve that i t  shou l d  be made more restr i cti ve . 

Section  5 .  1 . 2 , page 5- 2 ,  fi rst paragraph Contact handl ed wastes are defi ned 
as waste packages wi th su rface dose rates no hi gher than 200 mrem per hour. 
The technical bas i s  for th i s  l i m i t  s houl d be presented.  

Secti on 5 .  1 . 2 , page 5- 3 .  thi rd paragraph The document states that waste 
form cri teri a must exc l ude hazardous materi al s .  Hazardous material s s houl d be 
defi ned and the techn i cal support for exl usi on of these material s shou l d be 
provided. 

The document sets a l i mit  of 1 0  percent by we i ght per room for gas- generati ng 
waste . As noted i n  an earl i er comment regardi ng the defi n i ti on of gas pro
duc i ng materi al s ,  any di scus s i o n  i nvol vi ng gas generati ng  waste has no mean i ng 
u nti l " gas generati ng waste" i s  defi ned more spec i f i ca l ly.  
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Section 5 .  1 . 2 , page 5-3 ,  fourth paragraph It i s  stated that any combusti b l e  
contai ner must b e  overpacked wi th a di sposab l e steel contai ner. The fi nal  
statement s houl d  cl ari fy whether steel  i s  the on ly al l owabl e overpac k mate ri al 
and whether the DOT-7A p lywood box must be overpacked wi th a s teel  box. 

Secti on 5. 1 . 2  a e 5-3 fi fth ara ra h ·  Tabl e,_s- i . .  � e 5-4 · and 
Secti on . 1 . 2 , page 5-6 ,  thi rd paragraph he �·:. ';"Qn l i fe of the was te 
conta i ner for CH and RH TRU waste i s  g i ve n  as at l east 1 0  years i n  order that 
contai ners may be retri eved i ntact. " Thi s  assumes that the requi red peri od of 
retri evabi l i ty wi l l  be l es s  than 1 0  years . It i s  the current NRC staff opi n i c n  
that for a deep geo l og i c  reposi tory the wastes s i1oul d be capabl e of bei ng 
retri eved duri ng the operati ng peri od and the time peri od necessary to retri e\ e 
the waste. 

Tabl e 5- 1 ,  pages 5-4 and 5-5 Paragraph 2 of Section  5 .  1 states that the 
Waste Acceptance Cri teri a Steeri ng Commi ttee (WACSC) " reconc i l es the i nterests 
of vari ous agenci es i nvol ved with the producti o n ,  treatment , and di sposal of  
defense TRU waste s . " The secti on  then goes o n  to  d i scuss i nteri m cri ter i a  for 
waste forms . It i s  not cl ear i f  the i nteri m cri teri a l i sted i n  Tab l e  5- 1 
represents the present v i ews of the WACSC o n  acceptance cri ter i a .  Further
llOre , i t  i s  not kno·l'ln whether the tab 1 e i s  a comp 1 ete 1 i sti ng of the acceptance 
criteri a as they are presently envi s i oned. 

The cri teri a for contai ners and packages s houl d be speci fi ed .as DOT Type A 
re.qui rements . 

-

The criteri a assumed i n  Secti on 5 . 2 i ndi cate tha� there wi l l  be no pre s s uri zed 
gases and no pyrophoric  materi al s i n  the TRU waste. Howeve r ,  thi s tabl e ,  
whi ch sets forth th� i nterim acceptance cri teri a ,  does not i denti fy pres
suri zed gases as a consi derati on i n  setti ng cri teri a and i ndi cates that smal l 
quanti ti es of pyrophorics  may be accepted. Pl ease resol ve these di screpanci es . 

Section 5 .  1 . 3 , page 5-6 Acceptance cri teri a for spent fuel shoul d be devel oped 
and presented i n  the fi nal e nvi ronmental i mpact statement. These cri teri a 
shoul d be consi stent w i th the cri ter i a  app l i ed i n  the envi ronmental eval uati ons 
(e. g . , Secti on  9 . 2 . 7) .  In addi ti on , a detai l ed descr i pti on  of  the anti ci pated 
waste forms and thei r associ ated packagi ng for spent fuel shoul d be provi ded 
in the fi nal s tatement. 

Secti on 5. 1 . 4 ,  page 5-7 ,  fi rst paragraph Acceptance cri teri a for the experi -
•ental waste form and associ ated packag ; ng s hou l d  be descri bed i n  the fi nal 
statement. These cri ter i a  shou l d  be consi stent wi th the cri teri a app l i ed i n  
the envi ronmental eval uati ons (e . g. , Secti on  9 . 3 .  1 ) . 

Section 5 . 2 a e 5-7 s econd ara ra h Thi s  section ass umes cri teri a ,  
stated to b e  conservati ve) i n  esti mati ng the envi ronmental i mpacts o f  s h i pp i ng 

TRU waste and handl i ng i t  at the reference reposi tory.  These cri teri a are : 
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No exp l o s i ve material s 

No pyrophori c materi al s 

No pressuri zed gases 

No free l i qu i ds 

25 percent combusti bl es 

1 0  percent di spers i bl e powder 

The above cri teri a are not conservati ve i n  pred i ct i ng maximum envi ronmental 
i mpacts because there i s  the potenti al  that the TRU waste wi l l  not conform to 
the assumed cri teri a.  For examp l e ,  there i s  potenti a l  for sma l l amounts of  
pyrophori c mate ri al s to  be  i ncl uded i n  the  waste , and  some free l iqu i ds coul d 
be present. Furthermore , NRC consi ders there shoul d be no combusti bl es and 
the waste form s ho u l d  be non-di spers i b l e .  A detai l ed analys i s  shoul d be 
presented to show that the ass umed cri teri a are i ndeed conservati ve and that 
the use of these assumpti ons woul d  real l y  res u l �  i n  the maxi mum envi ronmental 
iapact. 

Secti on 5 . 3 .  l ,  page 5-9 ,  fourth paragraph Thi s  secti on  presents the DOE 
findi ng that the s l aggi ng pyrolys i s  i nci nerator i s  "the superior proces s  and 
hol ds the h i ghest promi se for produci ng non-combust i b l e ,  i mmobi l e  waste pro
ducts that are free of gas-produci ng materi a l . "  The fi nal statement shou l d  
contai n a comparati ve analys i s  of  the envi ronmental effects of  each of  the 
proces s i ng methods and the bas i s  for se l ecti ng the s l aggi ng pyro l ys i s i nci ner
ati on  system shou l d  be provi ded. 
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Speci fi c Comments - Chapter 6 

Secti on  6 .  1 .  page 6- 1 I t  i s  i ncorrect to state that DOT " has primary responsi-
bi l i ty" for transportation  regu l ati ons .  A descri pti o n  of the overl app i ng 
respons i bi l i ti es of DOT and NRC wou l d  be appropri ate i n  addi ti on  to a descri pt i o n  
of the i r ass i gned functi ons under the i r  memorandum of understandi ng .  For 
exampl e ,  al though the di scus s i on i n  Secti on 6 . 2 recogni zes  that packages must 
meet DOT regul ati ons , NRC certi fi cati on of packages i s  not menti oned.  Al though 
NRC certi fi cati on of packages used sol ely by DOE contractors i s  not requi red 
by l aw ,  the DOE ha! been requ i ri ng i ts contractors to obtai n NRC certi fi cati o�  
of the i r  packages ( an arrangement not di scussed in  thi s chapter) . . I f  the  WIPP 
faci l i ty were to rece i ve packages from NRC l i censees , the NRC regu l ati ons 
woul d  requi re NRC certi fi cati on of a Type B package , not authori zed as a DOT 
speci fi cati on pack< ge . · 

Sect i on 6 . 2 ,  pages 6- 1 and 6- 2 It i s  s uggested that the di scuss i o n  on 
regu l ati ons be expanded . Al so , it shoul d be noted that the di scuss i on regard
i ng route contro l reeds to be updated ( see comment on Secti on 6 . 2 . 3  regardi ng 
route contro l ) .  

Section  6 . 2 .  1 .  page 6- 2 ,  second paragraph The qual i fi cati on that heat 
di s s i pati on i s  i mportant to contai nment features of pac kage des i gn al so app l i es 
to s hi e l di ng and subcri ti cal i ty features • 

. Secti on 6 . 2 .  l ,  page 6 - 2 ,  Regul ati ons to i ns ure aJeguate contai nment, fi rst 
paragraph The proper reference i n  the fi rst sentence shou l d  b e  49 C F R  1 73 .  

The word 11 s i ze11 shou l d  be repl aced by the word 11quanti ty . 11 

In  proposed rev i s i 0ns of regul ations  ( revi sed 1 0  CFR Part 7 1 ; new 49 CFR 
Part 1 27 to rep l ac e  49 CFR 1 73 . 389- 1 73 . 398) , whi ch are sti l l  under rev i ew ,  the 
concept of l arge quantity i s  e l i mi nated. 

Type A and Type B packages di ffer not on ly  i n  quanti ty of contents , but a l so 
in response to the transportation  envi ronment. Type A packages must be deter
mi ned (by the user , with the requi rement that the documentati on be kept on 
fi l e  at l east one year after the l atest shipment (49 CFR 1 73 . 395 (a)  ( 1 ) ) )  to 
meet standards for normal transportati on condi ti ons . Type B packages must be 
certi fied  by the N��C to meet standards for both normal transportati on con
diti ons and transpvrtati on acci dent conditi ons . 

Section 6 . 2 .  1 ,  page 6- 3 ,  fi rst paragraph I n  p l ace of the cl ause i n  the 
fi fth sentence descri b i ng Type B package requi rements , the fol l owi ng rewordi ng 
is suggested : 11 • • • a Type B package must be des i gned .to wi thstand a seri es of 
speci fi ed impact , puncture , and fi re envi ronments , prov i di ng reasonabl e 
assurance that the package wi l l  wi thstand most severe transportati on acci dents . . . 11 

The l ast sentence i n  thi s  paragraph i s  mi s l eadi ng.  The regu l ations  requi re 
Type B packag i ng for Large Quantities  but there i s  no Large Quanti ty pac kage .  
Thus , n o  di fference exi sts for Type B packages contai n i ng smal l e r  amounts o f  
radi oacti ve mate r i al s .  One regu l ation  does exi st , however , for whi ch the 
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sentence i s  true concern i ng advance noti ce of  fabri cat i on for packages 
des i g ned for decay heat l oad i n  excess  of  5 kw or fo r operati ng press ure i n  
excess of 1 5  p s i g . 

Sect i on 6 . 2 . 2 ,  paoe 6-4 
hconcept" . 

I n  the l as t  s e� .... �· r·Jt·mrd 11 speci al 11 s ho u l d  be 

Secti on 6 . 2 . 3 ,  page 6-4 Two recently i ni ti ated government acti v i t i e s  
regardi ng route contro l shoul d be  recogni zed i n  the fi na l  statement:  ( 1 ) the 
DOT rul emaki ng proceed i ng o n  h i ghway movements of radi oact i ve materia l s 
(43 FR 36492 , August 1 7 ,  1 978) , and ( 2 )  the NRC i nter i m  regu l at i on o n  p hys i ca l  
protecti on  of spent fuel s h i pments ( 44 FR 34466 , J une 1 5 ,  1 979) .  These 
act i v i ti es i nva l i date the sentences stati n g  or  i mp l yi ng  there are no feaeral 
routi ng contro l s .  

Sect i o n  6 . 2 . 3 ,  page 6-4 , fi rst paragraph 
11s tandardsu s hou l d  be " regu l at i o ns . " 

I n  the l ast sentence , the word 

Sect i o n  6 . 3 .  l ,  page 6- 5 ,  second paragraph The use of the ATMX rai l car  i s  
questi onab l e  becau �. e  i t  does no t meet the requi rements o f  a Type B package . 

Sect i o n  6 . 4 ,  page 6-8 , second paragrao h  The statement that the vol ume of  RH 
TRU waste at ORNL i s  i nc l uded i n  determi n i ng the n umbe r  of s h i pments , even 
though the RH TRU � as te at ORNL i s  not read i 1 y  retri evab l e ,  i s  a non sequ i tu r .  

Sect i o n  6 . 4 ,  page 6-9 , fi rst paragraph The NFS  storage fac i l i ty at West  
Val l ey ,  New York , may be  another s o u rce o f  spent  f ue l . 

Sect i o n  6 . 4 ,  page 6-9 , second paragraph Commerci al  s h i pments of spent fuel 
must comp1y wi th new NRC requi rements  for phys i cal  p rotecti on and ro ute p l an
n i ng .  The sp i ri t  of thi s regul ati on  shoul d be ob s e rved by DOE contractor 
s h i pments as we l l .  

Section  6 . 4 ,  page 6 - 1 0 ,  f i rst parti a l  paragraph Tl t i s d i � c us s i on regard i ng 
ri s k  i s  too specu 1ftti ve . I nc reased chance of  acci dent due to extra mi l eage i s  
i nfi n i tes i ma l  unti l the extra mi l eaoe i s  on the o rder o f  one mi l l i on mi l es . 
It may be  useful  to po i nt out that the fato l i ty rate for trave l o n  i nterstate 
h i ghways i s  about h�l f that on s econdary roads . (Cons u l t the Nati o nal  H i ghway 
Traffi c Safety Admi ni s trati on , Stati s t i cs D i v i s i o n ,  ( 202) 426- 1 470 . ) 

Secti on  6 . 4 ,  page 6- 1 0 ,  fi rst pa ragraph Are random route s ordi nari l y  
practi ced? I t  s eems to requ i re a con s c i o u s  manage r i a l  deci s i on not to u s e  
parti c u l a r  routes , even  though they mi ght not b e  cal l ed ded i c ated , t o  mi n i mi ze 
exposure to parti cul ar  pop u l ati ons . 

Effects of dedi cated route s other  than rout i ne expos u re from route sel ecti ons  
s ho u l d  be ana lyzed and  di scus sed:  enhanceme nt of  emergency response , 
pol i ti cal  advantages and d i sadvantages ,  etc . 
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Secti on 6 . 4 ,  page 6- 1 1 ,  fi rst parti al paragraph Pl ease descri be why reduced 
speed and contro l l ed pass i ng ,  as wou l d  be assoc i ated wi th spe c i al trai ns , do 
not reduce the radi o l ogi cal r i s k  s i gni fi cantly when ,  as exp l ai ned on the 
previ ous page , the extra mi l eage from spec i al routes may i ncrease the 
probabi l i ty of acc i dents . 

Secti on 6 . 5 through 6 . 7 ,  pages 6- 1 1  througt1�6-'l:b 1'1�hough the i mpact due to 
routi ne transportati on of the experimental hi gh- l evel waste may be negl i gi bl e 
compared to routi ne s h i pment of the other wastes , a HLW transportati o n  acc i 
dent may b e  the worst case acci dent s i tuation .  It i s  recommended that these 
secti ons address the i nformati on  and analys i s t� determi ne the i mpact. The 
acci dent dose resul ti ng from HLW shi pments shoul d be i nc l uded i n  Tabl e s  6- 1 3  
through 6- 1 5 . Tab l e  6- 1 6  shoul d then be revi sed to s how that the frequency of 
thi s  acci dent is  very l ow and hence the contri buti o n  to the total ri s k  ( co n
sequence x frequency) from HLW acci dents i s  very smal l .  

Secti on 6 . 5 .  l ,  page 6- 1 2 , fi rst paragraph Some i nd icati o n  s houl d be pro-
vided regardi ng the i mpact of hav i ng to bui l d  add i ti onal ATMX cars and Super 
Ti gers needed to work off the backl og over the 1 0-year period.  

Secti on 6 . 6 ,  page 6- 1 5  
control . 

Thi s  paragraph shou l d  al so recogni ze NRC regul atory 

Secti on 6 . 6 .  1 ,  page 6- 1 5 ,  second paragraph Tabl es 6-9 thro�gh 6- 1 1  do not 
contai n data to s upryort the conc l us i on descri bed i n  thi s paragraph that · 

handl ers and nearby workers rece i ve exposures exceedi ng those of the veh i c l e  
crew. P l ease provi de i nformati on to s upport thi � concl usi on and i de nti fy 
whether the handl ers and nearby workers are defi ned as radi ati on workers i n  
the fac i l i ti es of the consi gnor or cons i gnee . 

Peop l e near the shi pment� may recei ve the greatest doses , but the document 
shoul d state that the observed doses are smal l .  

Secti on 6 . 6 . 2 ,  page 6- 1 5 ,  fi rst paragraph I t  s houl d be noted that 
NUREG-01 70 analyzed the transportati on  of rad i oacti ve materi al  i n  general , not 
just radi oact i ve waste. 

Secti on 6 . 7 ,  page 6-20 , second paragraph It wou l d be useful to cl ari fy that 
emp i r i cal data were used for parameters i n  the ar.ci dent analys i s  whi ch d i ffer 
con s i derab ly from the conservat ) ve assumpti ons used i n  the NUREG-01 70 
-.1alysi s .  

Section  6 . 7 . 2 , page 623 , fi rst paragraph The meteorol ogi cal  cond i ti ons used 
are not conservati ve for the scenari o descri bed of a .transportati on acc i dent 
i n  an urban area.  The rel ati onshi ps among the rel ease mode , meteoro l og i cal 
condi tions , evacuati on  timi ng , and res uspens i on of spi l l ed powders shou l d be 
rev i ewed to assure the des i red conservati sm remai ns  i n  the analys i s .  

For a n  assumed e ffecti ve rel ease hei ght o f  20 meters , a C l ass  F stab i l i ty 
condi ti on i s  not conse rvative for assess i ng ground- l evel concentrati ons . 
Rather unstab l e  stabi l i ty condi ti ons  wi l l �roduce h i gher ground- l eve l 
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concentrati ons wi thi n s everal hundred meters of  the rel ease .  For examp l e ,  
wi thi n 200 meters of a 20-meter h i gh rel ease poi nt ,  ground- l evel concentrati ons 
assumi ng a Cl as s  8 stabi l i ty can be 3 to 1 5  orders of magni tude greater than 
f f  a Cl ass F stab i l i ty cond i ti on was assumed . Al so  a ground- l evel rel ease and 
a Cl ass F s tabi l i ty woul d  provi de a more conservative approach from a meteoro
l ogical standpoi nt.  In an urban area with many bui l di ngs , i t  i s  ·more l i ke l y  
that a n  i n i ti al ly  el evated pl ume wi l l  b e  e ntrai ned i nto t h e  wakes of the 
bui l di ngs and act more l i ke a ground- l evel rel ease.  

Secti on  6 . 7 . 2 ,  page 6-23 , thi rd paragraph The removal of contami nated food 
from di stri buti on aoes not compl ete l y  e l .imi nate "':he food pathway al though i t  
may render the patt.way as bei ng an i ns i gn i fi cant contri buti on  to the dose .  
Another course o f  action  that l ocal heal th autho 1 · i ti es m i ght take to e l i mi nate 
the i ngestion  hazard i s  to i mpound contami nated l and.  

Secti on 6 . 7 . 2 ,  page 6-24 .  fi rst partial  paragraph Pl ease provi de the reference 
for the di scuss i on on the sol i di ficatio n  o f  CH TRU waste after 1 981 . 

Section 6 . 7. 2 ,  page 6-24 , second paragraph Provi de the bas i s  for sel ecti ng 
a wi ndspeed of 2 . 5 mph for determi n i ng ai r e ntrai nment of  dry powders , and the 
bas i s  for then i ncr�as i ng the e ntrai nment percentage by a factor of  1 0 . For a 
conservat i ve ass.essment , a wi ndspeed s houl d be sel ected to provi de the h i ghest 
downwi nd concentrati on cons i deri ng both resuspen s i on and atmospheri c .di s-
pers i on .  

Are the emp i r i cal formul as by M i s h i ma and Schwendiman val i d  for wi nd speeds 
greater than 2 . 5  mph? 

Section 6 . 7 . 2 ,  pag� 6-25 , thi rd paragraph 
fourth sentence shou l d  be 11breachi ng11 

The word " breechi ng" i n  the 

Secti on 6 . 7 . 3 , page 6-26 , · s econd paragraph Pl ease exp l ai n  the bas i s  for 
determi n i ng that the maxi mum dose for an i ndi v i dual i s  at one-half mi l e  from 
the acci dent ( e . g . , time for rel ease to occur , re l ease concentrations ) .  D i s
cuss the effects o n  peopl e  at di stances wi th i n the one- hal f mi l e  rad i us .  
Describe what evacuation  measures wi l l  be take n , parti cul arly for faster 
transport res u l ti ng from more l i kely wi ndspeeds of greater than o ne meter per 
second.  

Secti on 6 . 7 . 3 , pag·e 6-27 , thi rd paragraph The 4'i rst sentence i s  uncl ear 
r.!gardi ng the res u l ts of the four hypotheti cal acc i dents . Compoundi ng unl i ke l y  
ci rcumstances make the consequences appear l arger ,  not re l ati vely uni mportant. 
Only when probabi l i ty i s  cons i dered wi l l  the sentence be true.  

Tab l es 6- 1 3 ,  6- 1 4 ,  and 6- 1 5 ,  pages 6-27 and 6-28 For· c l �ri fi cati o n , these 
tabl e s  shou l d  note that they app ly to an assumed transportati o n  acci dent. 

Secti on 6 . 8 .  page 6-29 Thi s di scus s i on doe s  not accuratel y  descri be the 
resu l ts of the study by DuCharme . Whi l e  the resu l ts of the Ducharme study may 
not be appl i cabl e to the transport o f  aged defense waste s , the consequences he 
descri bed of the successful sabotage of a shipment of spent fuel were certa i n l y  
si gn i fi cant . It i s  suggested that thi s  s ecti on  be expanded to provi de e l abor
ati on of the top i c s .  
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Speci fi c  Comments - Chapter 7 

Secti on 7 .  l ,  page 7-3 ,  second paragraph 
proposed exte ns i on to the rai l road spur. 

P l ease state the l ength of the 

Section 7 . 2 . 5 , pages 7-26 through 7-31 Thi s secti on l acks any di scuss i on of  
the tectonic  deve l opment of the region  wi th respect to  p l ate-tectoni cs.  Such 
a di scus s i on s hou l d  be i nc l uded. Addi ti onal l y ,  di scuss i on of percent tectonic  
acti vity in  addi ti on to  earthquakes shoul d be  i nc l uded ( i . e. , geodeti c moveme�ts , 
residual and tector. ic  stresses , rates of present day upl i ft or subsi dence } .  

Section 7 . 2 . 6 a ! 7-32 e i  hth ara ra h The di scuss i on notes that water 
nject i on i nto wel l s  has been used for recovery of hydrocarbon res ources . The 

effect of th i s  i njection on sal t di ssol uti on  i n  the s i te v i c i nity shou l d be 
assessed. 

Fi�ure 7- 1 3 , page 7-38 The fi gure i s  consi dered i nadequate for proper 
sei smi c assessment. It s houl d del i neate major structural features ,  h i storic 
earthquakes , l ocat·, ons of sei smi c i nstruments , mi nes , and p roduci ng and abandoned 
oi l and gas we l l s .  

Section 7 . 2 . 6 ,  pages 7-39 and 7-40 , Earthguakes i n  the Central Bas i n  pl atform 
Sal t water di sposal wel l s  and secondary hydrocarbon recovery Dperati ons exi st 
in the Del aware Bas i n . The effects of the s e  acti v i ti e s  on sei smicity and 
waste i so l ati on  s houl d  be cons i dered.  Studi es o f  these type s  of acti v i ti es 
· sho u l d cons i der the l i kely i ncrease i n  s econdary recovery operati ons i n  the 
future as hydrocarbon resources become more val uabl e .  

Section 7 . 2 . 6 , page 7-40 , s econd paragraph Th � earthquake ri s k  analys i s  
starti ng o n  page i · 40 i s  based o n  the ass umption  g i ven i n  thi s paragraph . that 
the Central Bas i n  Pl atform structure l imi ts earthquake mag n i tude . Howeve r ,  
the document states that evi dence supports the exp l anation that mi nor s hocks 
observed were caused by human acti v i ty (see  i tem 3 ,  page 7-40 } .  Justi f i cati on 
sho u l d be g i ve n  for i gnori ng the ass umpti on  that mi nor sei smi c s hocks are 

. re l ated to human acti v i ty. 

Secti on  7 . 2 . 7 ,  page 7-42 , second paragraph Estimates of reserves are based 
on "present economi c condi ti ons . '' Estimates based on  extrapol ati ons of p re-
sent economi c cond·i ti ons i n  the near term and far term s hou l d  be con s i dered.  
Al s o , di fferences i n  costs res ul ti ng from changes in economi c or  s oc i al structure 
or the devel opment of more effi c i ent mi ni ng methods shou l d  be eval uated.  

Secti on 7 . 2 . 7 , pages 7-42 through 7-46 , Methods used to determi ne potas h 
res ources at the reference s i te Formal resource cr.i teri on  have been estab-
1 ; shed by the U . S .  Geo l ogi c Survey (USGS) and U . S .  Bureau of Mi nes (USBM ) .  
Resources are defi ned a s  natural ly  occurri ng material s such that , 11 • • •  economic  
extracti o n  of a commodi ty is  currently or potenti al l y  feas i b l e" (USGS 
Bul l eti n 1 450- A ,  1 976) . WIPP potash resources shou l d  be c l as s i fi ed accordi ng 
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to such a standard defi n i t i on and j u st i fi cati on gi ven for c l a s s i fyi ng m i neral 
occurrences as bei ng subresource q ua l i ty or not -potent i a l l y  feas i b le .  

Sect i o n  7 . 2 . 7 ,  page 7-44 , fourth paragraph 
between average and m i n i mum ri chnes s e s .  

More d i sti nct i on  shoul d be made 

F i gure 7- 1 6 ,  page 7-46 Justi fi cati on  for th� � decl i ne of  the das hed 
extrapo l ati ons s ho u l d be prov i ded.  

Sect i o n  7 . 2 . 7 ,  pages 7-46 and 7-47 , Methods used to determ i ne potas h  reserves 
at the WIPP reference s i te The potash reserve esti mate i s  s ubj ect to change 
s i nce i t  i s  based on vari ab l e  pri ces and p roduct i on costs . Future changes i n  
potash and potash p roduct pri ces and p roduct i o n  costs shou l d be p redi cted and 
the i r  effects on reserve quanti ty s ho u l d  be  estimated.  S i nce was te i so l ati on 
may neces s i tate the l ong- te rm den i al of  WIPP s i te m i neral res ources , res ource 
deni a l  analyses shou l d  cons i der  l ong- term i mpacts . 

Esti mates of the magni tude of  potash reserves deni ed by WIPP a re gi ven o n l y  i n  
terms of the amount present wi thi n WIPP s i te boundari e s .  Howeve r ,  restri c
ti ons on mi n i ng wi th i n  the WIPP s i te may p revent the profi tab l e  exp l oi tati on 
of potas h reserves i n  adj acent areas , thereby effecti ve ly  denyi ng rese rves 
outsi de WIPP s i te boundari es . S i m i l ar ly ,  de n i a l  o f  the m i ne ral  reserves of  
control zones I ,  I I , and I I I  may resu l t  i n  the effecti ve den i �l of  control 
zone IV depos i ts ( see Sect i on 9 .  1 . 4 . 7 ) .  Thi s  a spect o f  m i neral resource 
den i al s houl d be cr n s i dered.  

Secti on 7 . 2 . 7 ,  page 7-47 , fourth paragraph and Tabl e 7-8 ,  page 7-49 The 
hydrocarbon re source esti mati on was con s i dered comp l ete s i nce , 1 1A l l poten
tia l ly p roducti ve 1ones were con s i dered i n  the eva l uat i o n  . . . 11 I t  woul d  
appear from Foste r ,  1 974 , that some potenti al  resources exi st i n  the Ordov i 
c i an i nterva l . Justi f i cat i on s ho u l d be gi ven for n·ot as s i g n i ng any potenti a l  
hydrocarbon resources t o  thi s i nterv a l . 

Secti on 7 . 2 . 7 ,  page 7-48 , fi rst paragraph The hydrocarbon study by the New 
Mexi co Bureau of M i nes and Mi nera l Resources i denti f i ed rese rves by cal cu
l at i ng past and f1�ture p roducti o n .  J usti f i cat i o n  s hou l d  b e  g i ve n  for the 
presentati on of  these i denti fi ed reserves as  resources i n  the fi nal  s tatement.  
Preci se defi n i ti ons di rectl y  app l i cab l e  to hydrocarbons s houl d be g i ven for 
reserves and resources . 

Sect i o n  7 . 2 . 7 ,  page 7- 50 , f i rst paragraph The unce rtai nty o f  hydrocarbon 
resource and reserve e s t i mates shou l d  be determi ned and characteri zed.  Con
s i derati on shou l d be gi ven to the uncertai n ty of  decl i ne curve re serve e s t i mates 
used to def i ne hydrocarbon producti o n .  The decl i ne c.urve estimates made by 
S ipes , Wi l l i amson , and Aycock were based on  re l ative ly  short p roducti on spans 
whi ch ended i n  1 976 . D i s c u s s  how recent hydrocarbon wel l p roduct i o n  fi gures 
have affected new we l l  dec l i ne curve reserve e s t i mate s .  De scri be whether thi s  
updated i nformat i on woul d affect hydrocarbon  reserve e s t i mate s  at the WIPP  
s i te .  
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Section  7 . 2 . 7  a e 7- 50 The document states that " there 
as been no actua l dri l i ng wi th i n  contro l zones I through I I I . 11 Thi s statement 

confl i cts wi th the dri l l  ho l es i n  zones I through I I I  depi cted i n  F� gure 7- 1 5 ,  
page 7-43 , and Fi gure J- 1 , page J-2.  Pl eas e  resol ve thi s  di screpancy.  

Secti o n  7 . 2 . 7 ,  eages 7-50 and 7-5 1 , Resul ts of the hydrocarbon - reserve 
esti mate It 1 s  stated i n  the document that only a s i ng l e  zone , the Morrow 
Fo rmation of Pennsyl van i an age , is  worthy of exp l orati on  ri s k. The 1 976 
Sipes , Wi l l i amson , and Aycock study i ncl uded reserves i n  the Strawn and Ato ka 
formati ons as wel l  as the Morrow zone . 

The 1 976 S ipes , Wi l l i amson , and Aycock study i de nti fi ed s ubstantial  hydrocarbon 
reserves i n  the Bon� Spri ngs and Del aware Mountai n Gro up of the Los Medanos 
fi e l d. The reserve potential  of pay zone s other than the Pennsyl vani an s hou l d  
be cons i dered. 

Pos s i bl e dri l l  s i tes are i denti f i ed on the bas i s  of subsurface rock structure . 
Si nce strati graphi c and comb i nati on  strati�raphi c/structural Pennsyl vani an 
traps may be more r.ommon than structural traps i n  the Del aware Bas i n  ( Foster , 
1 974) , the potenti e l  for hydrocarbon reserves i n  WIPP s i te strati graphi c and 
combi nati on strati g .�phi c/structural traps s houl d be assessed.  

Justi fi cati on  shoul d be gi ven for the per wel l  estimates of 1 . 33 b i l l i on to 
2 . 09 bi l l i on cub i c  feet for Pennsyl vani an natural gas producti on , parti cul arly 
in v i ew of New Mex i co Bureau of Mi nes and Mi neral Resources �esti mates rangi ng 
from 3 . 2 to 7 . 2 bcf per Pennsyl van i an wel l .  

No Atoka hydrocarbon reserves were assi gned to proposed dri l l  s i tes  3 ,  1 4 ,  anu 
1 5  i n  the S i pes , Wi l l i amson , and Aycock study (see  Tabl e 3 of the study ) .  
Atoka formati on hydrocarbon reserves shoul d b e  e• al uated and i ncl uded for 
proposed dri l l  s i t:� s 3 ,  .1 4 ,  and 1 5 .  

Pos s i b l e dri l l  s i tes are ranked accordi ng to hydrocarbon prese nce potenti al . 
(For exampl e ,  see Fi gure 7- 1 8  whi ch i denti fi es  proved undevel oped probab l e and 
poss i b l e  ranki ngs . )  S i nce these  ranki ngs (or dri l l i ng ri s k  factors ) are used 
to estimate WI PP s i te reserves , quanti tati ve justi f i cation  for the i r magn i tudes 
shoul d  be provi ded. 

Potenti al dri l l  s i tes  i n  the Los Medanos area of the WIPP s i te are spaced at 
about 1 60 acres per wel l ,  whi 1 e  those l ocated at �ther poi nts at the WIPP  s i te 
have per we l l  spaci ng of  320 acre s ( see  page 23 c1f the Sipes , Wi l l i amson , and 
Aycock study) . Justi fi cati on  shou l d be gi ven for per wel l reserve esti mates 
in l i ght of unequal wel l spac i ng. 

Accordi ng to the Sipes , Wi l l i amson , and Aycock study , page 20 , a l arge ( 35 . 9 bc f) 
natural gas reservoi r exi sts i n  the Atoka formati o n  of the Los Medanos fi e l d 
just outs i de the WIPP s i te boundary.  The potenti al  for the  presence of  s uch a 
l arge reservoi r  withi n the WIPP  s i te shoul d be eval uated.  

The resul ts of hydrocarbon resource esti mates i ndi cate potenti al  hydrocarbon 
resources under the s i te .  Thus , detai l ed di scu s s i o n  appears warranted as to 
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why the s i te i s  cons i dered suitab l e  i n  l i ght of potenti al future dri l l i ng for 
hydrocarbons .  

Secti on 7 . 3 . 2 ,  pages 7-6 2  through 7-69 Gi ven the i mportance of hydro l ogy to 
l ong-term reposi tory performance , the di scuss i on of hydro l og i c  characteri sti cs 
of the vari ous formati ons seems to l ack the detai l neces sary for- an assessment.  
For exampl e ,  quanti tati ve i nformati on such as hydraul i c conducti v i ty and 
porosity i s  stated wi thout stati ng how the data was coll ected , how represen
tative  it i s ,  or if l ocal vari ati ons are to be expected (as gl eaned from the 
s i te and off- s i te measurements ) .  Descri pti ons �f  some formati ons emp l oy terms 
such as " l ow hydraul i c conducti v i ty" and 11 confi r1i ng bed . 11 Such terms s ho u l d 
be descri bed quanti tati ve l y .  I n  conventi onal w age , a formati on may be a 
confi n i ng bed ; however , i n  asses s i ng l ong-term performance of  the reposi tory ,  
a quanti tative asses sment of hydro l og i c  properties  i s  needed (even for " confi ni ng 
beds11 and beds wi th " l ow hydrau l i c conducti v i ty" ) .  

Section  7 . 3 . 2 ,  pages 7-62 through 7-69 The document states on page 9-62 
that an earthen dam (Brantl ey Dam) wi l l  be constructed o n  the Pecos River 
between Artes i a  and Carl sbad. Wou l d the reservui r  created by the Brantl ey Dam 
have any effect or the regi onal gro undwate r hyd�ol ogy or any other safety or 
envi ronmental aspect of  the proposed WI PP  faci l i ty? 

Figure 7- 2 1 , page 7-63 The titl e b l ock s houl d state " southeastern New 
Mexico" i nstead of  usouthwestern New Mexi co . 11 

Secti on 7 . 3 . 2 ,  page 7-68 , thi rd paragraph The document notes that stabl e 
i sotope measuremerts i ndi cate that samp l ed groundwater comes from ra i nwater. 
More i nformation  s hou l d  be provi ded on th i s  assessment s i nce it may bear on 
asses sments of  l ong-term ground water fl ow.  Al s o , some i ndi cati on shou l d  be 
prov i ded whether the rai nwater comes from the s � te or some di stance away . 
Addi tional l y ,  some attempt shou l d  be made to date the groundwater .  
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Speci fi c  Comments - Chapter 8 

Sacti on 8. 1 . 3 , page 8-6 ,  second paragraph 
mi neral exp l o i tati on i n  contro l zones I ,  I I , 
resul ts of eval uti ons i n  progress . Descr i be 
for comp l eti on  of these eval uati ons . 

It i s  stated that permi s s i o n  for 
and I I I  i s  conti ngent upon the 
the nature , scope , .and timetab l e 

Section 8 .  1 . 3 ,  page 8-6 ,  thi rd paragraph The document states that conti nuous 
or dri l l - and-bl ast m i n i ng i n  contro l zone IV for potash may be permi tted 
under DOE restri ci· i ons and that new wel l s  for o n  and gas p roduction may be 
dri l l ed i n  conformance with DOE standards . ( em1has i s  added) These DOE standards 
and restr i cti ons s hou l d  be detai l ed i n  the F i na l  Envi ronme ntal Impact Statement. 

Section  8 .  1 . 3 , page 8-&, fourth paragraph Th� doc1.11Rent states that DOE wi l l  
exerc i se no contro l over l and outs i de of control zone IV. D i scuss what con
s i deration has been gi ven to the effects of secondary hydrocarbon recovery ,  
sal t water di sposal , sol uti on mi n i ng ,  and other s ubsurface operations  o uts i de 
Control Zone IV  on  the l ong-term i so l ati on capa�i l i ti es of the repos i tory.  
The Fi nal Envi ron�ental Impact Statement shoul d address  these effects . 

Secti on 8 .  1 . 4 ,  'pages 8- 6 through 8-8 Al ternati ves to the proposed ri ghts-
of-way shoul d be presented and compared wi th that proposed. An eval uation  
s houl d be  presented whi ch demonstrates that the proposed ri ghts-of-way are tht 
preferred al ternati ves .  

Secti o n  8 . 2 ,  page 8- 1 5 ,  fi rst paragraph It  shoul d be menti oned that surface 
fac i l i ti es , parti cul arly where there are accesses to the mi ne shafts , wi l l  be 
des i gned to wi thstand the effects of l ocal l y  severe preci p i tati on and fl oods . 

Secti on 8 . 6 ,  pages 8- 27 through 8-34 Thi s section  does not d i scuss the 
potenti al rel ease of radi oacti ve materi al s by the l i qui d  pathways . Al though 
ft i s  recogni zed that ai rborne re l eases are of major concern , as evi denced by 
the rel ease mechani sms outl i ned i n  Tab l e  8-5 ( page 8-29 ) , the l i qui d pathway 
shou l d  not be compl ete l y  i g nored. 

Secti on  8 . 7 . 3 ,  page 8- 36 , thi rd paragraph The i nf i l trati on  estimate used i s  
not cons i dered reasonab l e  for thunderstorms . The rai nfal l used i n  the eval u
ati on  i s  most l i kely the resul t of a �hunderstorm , and l osses duri ng s uc h  an 
event are usual ly  mi n i mal because the rai nfal l � ntens i ty i s  much greater than 
the i nfi l tration  rate for short peri ods of ti�e. Al so , a 1 0-year rai nfal l 
event i s  not sever� enough even to use i n  thi s  analys i s .  A 50 to 1 00-year 
event wou l d  be a more standard hydrol og i c  eng i neeri ng des i gn bas i s . 

Section  8 . 9 ,  pages 8-41 through 8-48 Thi s sect i on  .takes the p o s i t i o n  that 
the exper i me nta l and devel opmental programs to be conducted i n  the WIPP  wi l l  
resu l t i n  no env i ronmental impacts . Justi f i cation for thi s  pos i ti o n  s houl d 
be provi ded.  The descri pti ons of the R&D program shoul d be greatly expanded 
to discuss detai l s  of the programs . A part i al l i st of i tems that s houl d be 
i nc l uded fo l l ows : 
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a. A descri pti on of  the effect of these experi ments on  the repo s i tory envi ron
ment as a who l e  or on the l ong-term behavi or of other parts of the reposi tory . 

b .  A descri pti on of experiments wi th bare spent fuel  as semb l i es or fue l 
as semb l i es wi th exposed fue l pel l ets . 

Section 8 . 9 . 2 ,  page 8-43 , Studi es of radi onuc l i de movement , i tem 2 Thi s 
i tem menti ons that stud i e s  of l each i ng of contact hand l ed waste wi l l  be con
ducted to determi ne the extent to whi ch water can mobi l i ze radi onuc l i des from 
combusti bl e and non-combusti bl e wastes . Current staff opi n i o n  i s  that no 
combusti bl es wi l l  Je al l owed i n  a repos i tory ( s�e the comment on Secti o n  5 . 2 ) .  

Secti on 8 . 9 . 2 ,  page 8-44 , i tem 3 Thi s i tem states that l aboratory studi es 
of acti n i de mob i l i ty are underway and wi l l  be checked by l ess- extens i ve i n- s i tu 
mon i tori ng. The staff comment i s  that i n- s i tu t�sti ng of  act i n i de mob i l i ty i s  
as i mportant as l aboratory testi ng and therefore i t  shou l d  be as extens i ve ,  
not l ess extens i v e .  To date , l ab testi ng has not been ab l e  to represent 
i n- s i tu conditi ons adequate l y .  

Secti on 8 . 9 . 3 ,  pag� 8-44 , s econd paragraph Tl •e document states that studi es 
of the i nteracti ons of waste wi th bedded sal t were performed between  1 965 and 
1 967 i n  Proj ect Sal t Vau l t near Lyons , Kansas . A bri ef summary of the resu l ts 
s hou l d  be gi ven al ong wi th a di scus s i on of how they wi l l  affect the current 
programs . 

Secti on 8 . 9 . 5 , pages 8-47 , Experi ments wi th bare waste Descri be what 
prov i s i ons wi l l  ex i st for the retri evabi l i ty of bare waste . Describe the 
retri evab i l i ty process for recovery of the bare waste . 

Secti on 8 .  1 0 ,  page s 8-48 through 8- 5 1  The acceptance cri teri a s hou l d be 
de f i ned for the 1 000 spent fuel assemb l i es that wi l l  be empl aced i n  the fac i l i ty .  

Traceabi l i ty ( i . e . , record s )  of these spe nt fuel assemb l i es s houl d b e  mai ntai n�d . 

Methods of hand l i ng breached can i sters shoul d be descri bed.  

A conti ngency p l an shou l d  be pre sented for the retri eval of the spent fuel  
assemb l i es in case the demonstrati on program does not meet expectati ons . 

Section 8 .  1 0 ,  page 8-48 Th i s  secti on i s  based upon a retri eval peri od of  
20 years for spent fue l . The reference case , as descri bed i n  Secti on 2 . 3 . 2  
(page 2- 1 9) ,  state5 the retri eval peri od as 1 0  years . P l ease c l ari fy th i s  
di screpancy. Al so see the appl i cab l e  comment on Secti on 1 . 2 regardi ng 
retri evab i l i ty .  

Sect i on 8 .  1 0 . 2 ,  page 8-49 The cri teria for de�ermi n i ng the storage area 
confi gurati on are not presented . The proposed confi gurati on may meet the 
speci fi ed thermal l oadi ng of approxi mate ly  30 kW/acre , but may not prov i de an 
optimal therma l di stri buti on i n  the storage area. 
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Secti on 8. 1 0 . 2 ,  page 8-49 , second paragraph The proposed cani ster for the 
spent fuel assemb l i e s  i s  descri bed as a · s i ngl e overpack fabri cated from a 
carbon steel p i pe .  The bas i s for sel ecti on  of carbon steel as the cani ster 
materi al s houl d be g i ven , i . e . , a compari son of carbon steel wi th al ternati ves  
shoul d be  presented together wi th sel ecti on  cri teri a .  

Section 8 .  1 0 . 3 ,  page 8-50 I f  retri eval of e i ther the spent fuel or the TRU 
waste were requi red at s ome poi nt i n  the future , descr i be the p l ans for stori ng 
or di spos i ng of the retri eved waste from WIPP .  

A more detai l ed de� cri pti on  of the spent fuel re'�ri eval syste m  s houl d be  
provi ded . The descripti on shoul d contai n the  me�hod that wi l l  be used for 
spent fuel retr i eval , the anti ci pated time that wou l d  be requi red , and the 
pl an for retri evi ng damaged or deteriorated cani sters . 

I f  retri eval of spent fuel were u l ti mately  requi red , descri be how the wastes 
empl ac·ed at the hi gher l evel  ( i . e . , CH waste at the 2 , 1 00 foot l evel ) wou l d  be 
affected. Descri be the measures  that woul d  be used to control the adverse 
effects of subsi dence res u l ti ng from retri eval rt l ated underground openi ngs . 

Section  8 .  1 0 . 4 ,  page 8-51 , second paragraph The document states that s i gni f i -
cant corro s i o n  effects of spent fue l  assemb l i es i n  cani sters 11wi l l  probably be 
mi n i mal or nonexi stent. " The bas i s  for thi s  statement shou l d  be prov i ded , 
i ncl udi ng test data and resul ts of analyses . 

Section 8 . 1 1 , page 8- 5 1  The DE I S  s tates ( p . 8-5 1 ) that the retri evabi l i ty period 
for waste stored i n  the WI PP faci l i ty i s  ten years for TRU waste and 20 years for 
spent fuel . As DOE i s  aware , the NRC staff has been con s i der i ng vari ous approac hes 
to the questi on of retri evabi l i ty of waste . A poss i bl e  approach to the retri e'.'3-
bi l i ty i ssue is  tha L the des i gn of  the reposi tory faci l i ty and the s tabi l i ty of  
the s i te be  s uch as  to a l l ow the was te to  be  retri eved throughout the operati ng 
l i fe of the repos i tory , and as much as 50 years thereafter .  The des i g n  shoul d 
be such that the waste coul d be retri eved wi th the same or  l es s  effort and i n  
the same o r  l e ss  overa l l time frame i n  whi ch i t  was empl aced . Waste cani sters 
shoul d rema i n  i ntact duri ng th i s  peri od . In thi s manner , i f  some unfavorabl e 
i nforma ti on i s  devel oped duri ng the operati onal l i fe of the reposi tory tha t 
i nd i cates the l ong-term performance obj ecti ves wi l l  not be achi eved , correcti ve 
action can be taken . I t  a l so  prov i des future generati ons the opti on to ma i nta i n  
survei l l ance o f  the Has tes before cl osure of the repos i tory , i f  they choose to 
do so . 

Sect1 o� 8 .  1 1 ,  pages 8- 51 through 8-53 The pl an for di spo s i t i o n  of the 
contarn1 nated materi a l s  ( i . e . , waste , contami nated backfi l l  and work materi al s )  s houl d be descri bed. 

Secti�n 8 .  �2 . 2 ,  pages 8-55 and 8- 56 The reference repos i to ry  descri pti on  
conta i ned i n  the  document does not take advantage of  several type s  of  engi 
neered barri ers to radi onucl i de rel ease that the staff feel s coul d enhance repos i tory performan�e .  The staf! feel s  that cons i derati on s hou l d  b e  g i ven to the use of the backfi l l  as a bar�1 e� to radionuc l i de mi grati on , engi neered 
pl ugs to retard water movement w1 th1 n the reposi tory and radi onucl i de mi grati on 
from the reposi tory and mu l ti component shaft and borehol e  sea l s .  
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Secti on 8.  1 2 . 3 ,  page 8- 56 The estimated ti me peri od and respective cri teri a 
for the adm i ni strati ve contro l s  shou l d  be provi ded.  Descri be the prov i s i ons , 
i f  any , that wi l l  m i ti gate the cal cu l ated ac:c i dent exposure resul ti rrn from 
i ntrus i on ( i . e . , dri l l i ng i nto the stored spent fue l 1 00 years after c l osure ) .  
Th i s  secti on shou l d  di scuss the s i ze o f  the area ( i � e . , d i stance from the 
repos i tory) over whi ch post-decomm i s s i on i ng control s wou l d  be exerc i sed to 
prevent acti viti es that cou l d  adversely  affect the hy�rol ogy of the s i te or 
its l ong-term contai nment capab i l i ti es .  Thi s  i s  parti cul arly i mportant for 
the WIPP s i te because of the mi neral resources at and near the WI PP s i te .  

Spec i f i c  Comments - Chapter 9 

The report shoul d address uncerta i nti ti es , probab i l i ti es and stati sti cs i n  
much greater detai l .  These s ubjects are essenti al ly  unaddressed i n  the DEIS .  
For examp l e ,  numeri cal val ues are shown in  tab l es and fi gures ( fi gure 9-2 ,  
page 9-29 , i s  one .of many examp l e s )  wi th no i nd i cati on  o f  the error band or 
uncertai nty in the numbers . 

Secti on 9 .  1 .  1 . 2 , pace 9- 3 ,  thi rd paragraph It  i s  stated that soi l i mpacts 
from water 1 i nes ami e 1 ectri ca 1 power l i nes wi 1 1  be bri ef because the soi  1 
wi l l  recover after constructi on i s  compl eted . P l �ase descri b e  the nature of 
recovery ( e . g . , protecti ve vegetati on) and the es�i mated durat i on of the 
impact. 

Tab l es  9- 2 and 9-3 , page 9-4 P l ease provi de th� references -'for the n umeri cal 
estimates of the constructi on vehi c l es and equi pment and thei r respect i v e  
sound l eve l s .  

Secti on 9 .  1 .  1 . 3 , page 9-4 , thi rd paragraph The reference to " spheri cal  
di vergence" shoul d  read 11 hemi spheri cal  di vergenc= . "  Al so , the amount of 
attenuati on  of sound due to the ground cover i n  the no i se path shou l d  be 
i ndi cated and referenced. Thi s  fi gure shoul d be used to support the esti mate 
of excess attenuati on beyond the 6d8 per doub l i ng of di stance attenuat i on due 
to di vergence and ai r l osses  for the predi cted noi se l evel at the James Ranch . 

Secti on 9 .  1 .  1 . 3 a e 9-4 fourth ara ra h I f  amb i ent sound l evel  data i s  
avai l ab l e for the receptor s i te i . e . , the James Ranch ) , i t  s hou l d  b� pro
v i ded. 

Secti on 9 .  l .  l .  3 ,  page 9-5 , fi rst paragraph The mean i ng of the term " b road 
basPc'' i n  the f i rst sentence shoul d be defi ned. ?erhaps  thi s term shoul d  be 
''.Droad band. 1 1  

Secti on 9. 1 .  1 . 3 , page 9-5, second and thi rd paragraph The overal l peri od of 
t i me over wh i ch b l asti ng operati ons wi l l  take p l ace , the esti mated frequency 
of b l asts , time of day when such acti v i ti es wi l l  occur and esti mate of peak 
overpressure and correspondi ng dB l evel  to whi c h  b l asti ng wi l l  be l imi ted 
s ho u l d be presented i n  the Shaft s i nki ng sect i o n .  

Secti on 9 .  1 .  1 . 3 , page 9- 5 ,  fourth paragraph Schedu l es and time of duration  
of the other construction  acti v i t i e s  s houl d b e  provi ded as  bases for i mpact 
asses sments . 



Secti on 9 .  l .  1 . 3 , page 9-5 ,  s ixth paragraph I f  avai l abl e ,  estimates of  the 
n'wnber of truck del i veri es  per day shou l d  be provi ded al ong wi th an esti mated 
•qui va1 ent sound l evel  ( L  ) for the de l i very routes (wh i ch shoul d be i de nt i 
fi ed)  so that a n  est1 matee8f the l i ke l y  total affected popul ati on may be  
prepared. 

Section 9. 1 .  1 . 5 , page 9-9 , fourth paragraph The referenced documentat i o n  by 
Anderson , Mann , and Schugart , 1 977 , descri bes the pos i t i ve effect of·· r i ght-of-way 

corri dors on b i rd popul ati ons i n  the forest of  Tennes see.  The same conc l usi on 
does not necessari ly app ly to desert vegetati on .  

Secti on 9 �  1 .  1 . 6 1  page 9- 1 0  Appendi x I of the DEIS contai ns correspondence 
between DOE and i ts cons u l tants and vari ous federal and state agenci e s  i nvol ved 
in the preservati on of archeo l ogi cal and hi stori cal resources .  A l ette r  on 
thi s  subject i n  App£ ndix I (see pages I- 1 2  through I- 1 3) concl udes that there 
are 33 s i tes wi thi n the survey area that are el i gi bl e  for the Nati onal Regi ste r 
of H i stori c Pl aces . However , the statement does not address  whether construction  
and operation of the WI PP  faci l i ty wi l l  have an  adverse i mpact on these s i te s .  
The fi nal envi �onmental i mpact statement s houl d s e t  forth any adverse i mpacts 
resul ti ng from construction  and operati on of WI PP on the 33 s i tes and , i f  
adverse i mpacts do res u l t ,  determi ne whether there i s  a feas i bl e  and prudent 
al ternati ve to avo i d  or sati sfactori l y  mi ti gate any adverse i mpacts . 

Section 9 .  1 . 2 . l ,  paqe 9- 1 1  Thi s s ecti on i s  very bri ef  and , on the s urface , 
appears to underest i mate water consumpti on .  Pl ease provi de a descri pti on of  
how the estimates were deri ved. 

Sect i on 9 . 1 . 3 .  1 ,  page 9- 1 3  Thi s  secti on does not address the i mpacts to the 
terrai n and soi l s  res u l ti ng from the sal t  parti c l es di scharged from the venti 
l ati on exhaust ( see Secti on 8 . 7 . 5 ,  page 8-37 , sec lnd paragraph ) .  To eval uate 
the effects of the re l ease of these sal t aerosol s ,  i t  wou l d  be necessary to 
know the number and l ocati ons of the faci l i ty di scharges and the di spers i on 
characteri sti cs ( i . e . , di stance and concentrati on ) .  

Tab l e 9- 1 1 ,  page 9 . .  · 7  It  i s  not c l ear whether thi s tab l e compares WIPP  s i te 
resources and reserves with depos i ts that have not yet been exp l oi ted or that 
al so i nc l ude previ ously exp l oi ted depo s i ts .  S i te resources and reserves 
shou l d  be compared wi th s i mi l arly i n-pl ace resourcas and reserves . Pl ease 
c l ar i fy.  

Secti ons 9 .  1 . 4 . 3  and 9 .  1 . 4 . 4 ,  pages 9- 1 8  through 9-2 1  The present and 
projected dol l ar val ues of WIPP s i te mi neral resources and reserves s houl d  be 
i nc l uded i n  the fi nal statement. 

The soci oeconomi c i mpacts of the early den i al of WIPP s i te mi neral resources 
are not consi dered i n  the WIPP D EI S .  For examp l e .  i t  i s  stated i n  Sections  
9. 1 . 4 . 4  and 1 1 . 2  that constructi on and operation of WIPP coul d shorten the 
l i fe of Carl sbad area l angbe i ni te producti on by about f i ve years . The effects 
of the early curtai l ment of Carl sbad l angbe i ni te producti on on area socio
economi cs shoul d be consi dered.  

The fi nal statement s hou l d  ful ly anal yze the s i gn i f i cance of WIPP s i te potash 
depos i ts ,  i ncl udi ng quanti tati ve economic  analys i s  of  al ternati ves to l angbe
i ni te ,  analys i s  of the devel opment of future potas s i um and magnes i um sources , 
and the future worth of WIPP s i te potash and other mi neral s .  Speci fi cal l y ,  
such mi neral s a s  polyhal i te ,  ki e seri te , and kai n i te s houl d  b e  cons i dered . 
Mi neral s i gni fi cance analyses shou l d addre ss i mpacts over l ong-term t i me spans . 
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Sect i on 9 .  1 . 4 . 4 ,  paae 9-20 1 t h i rd paragraph Langbe i n i te resource . and 
res erve esti mates by Agr i c u l tura l and I ndustr i a l  Mi nera l s ,  I nc .  (AIM) are 
ci ted . Descri be how AIM defi nes res ources and reserves.  

Agri cu l tural and I ndustri al Mi neral s ,  I nc .  est� . �f Carl sbad area 
l angbei n i te reserves and resources are quoted i n  ·tn'e'1JE1S i n  terms of tons K20 
equi val ent.  Howeve r , i n  the AIM study , the same n umbers refer to tons pro
duct. The fi gures i n  the statement s ho u l d  be ma1e cons i s te nt wi t h  the AIM 
estimate s .  S i nce the ori g i n  of the s e  est i mates i s  not descri bed i n  the 
document o r  the AIM study ,  the Carl sbad area l angbe i n i te reserve and resource 
estimates s hou l d be j u sti f i ed .  

Secti on 9 .  1 . 4 . 4 , page 9- 20 , fourth paragraph WI PP s i te l angbe i n i te reserve � 
are esti mated to corre spond to f i ve years p roduct i o n  at the c urrent Carl sbad 
area rate . Th i s  i s  based on an annual  product i on rate of 900 , 000 tons K20 as 
l angbe i n i te .  Th i s  rate may be too h i gh and shoul d be checked.  A l ower rate 
of p roduct i on wou l d i ncrease the p roduct i o n  year equi val e nt of WI PP s i te 
potash . 

Sect i o n  9 .  1 . 4 . 5 ,  pc ge 9-2 1  Reg i onal  and nat i o na l  hydrocarbon res ou rce and 
reserve stati s t i c s  are compared wi th the WI PP  s i te estimated occurre nce s .  It  
is  no t c l ear whether the  regi onal  and  nati onal  f i gures i nc l ude p rev i o u s l y  
exp l o i ted depos i ts .  S i te resources and reserves shoul d be compared wi th the 
nati onal and regi or al amo unts of s i m i l arly i n- p l ace hydrocarbon s .  Cons i de ra
t i o n  s hou l d  be gi ven to the l ong-term re l at i ve i mportance of WIPP s i te 
hydrocarbon resources .  

Sect i o n  9 .  1 . 4 . 6 ,  pc ge 9- 21  The  present and  projected dol l ar val ues of WI PP 
s i te hydrocarbon reserves and Y'e sources s hO u l d be i nc l uded in the fi nal 
statement.  

Secti on  9.  1 . 4 . 7 ,  page 9-21 , f i rst paragraph The i mpacts of control zone  IV 
exp l o i tat i on (mi n i ng ,  dri l l i ng ,  s o l uti on m i n i ng ,  secondary o i l recove ry , etc . ) 
on  WIPP was te contai nment shou l d b e  cons i dered . 

Potash m i ne p i l l ars for the Carl sbad area are often removed o r  " robbed'' to 
i ncrease the recovery of  o re .  As s tated i n  thi s paragraph , i t  may be neces
sary to l eave a n um�er  of p i l l a rs i n-pl ac e  in control zone IV mi nes i n  o rder 
to contro l s ub s i dence .  Thi s  wou l d  l ead to l ow e xtracti on effi c i ency and the 
effecti ve den i al of s i gn i fi cant quanti t i e s  o f  l angbe i n i te i n  contro l zone I V .  
Therefo re , more than o ne-quarter of the l angbe i ni te a t  t h e  W I P P  s i te may b e  
den i ed despi te the exp l o i tati on o f  contro l zone I V .  

Sect i o n  9 .  1 . 5 , page 9-24 , second and thi rd pa ragraph The construct i on  phase 
no i se i mpact asses sme nt does not add re s s  tra f f i c  ( i . e . , materi al s de l i very and 
commuter )  re l ated no i se s  due to the fac i l i ty .  The areas mo st l i ke ly  to be 
affected and the numbe rs of peop l e  i nvol ved in each s ho u l d  be pres ente d .  

Secti on  9 . 2 . 5 .  1 ,  page 9- 26 , Noi s e  standards The Department of Hous i ng and 
Urban Deve l opment has rece nt l y  proposed standards , requ i rements and g u i de l i ne s  
o n  no i se abatement and contro l rep l ac i ng tho se prev i ous ly  set forth i n  HUD 
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Ci rcul ar 1 390 . 2 ( see 43 FR 60396-60401 ) .  These new cri teri a propose the 
adoption of the gui de l i nes put forth by the U . S . Envi ronmental Protecti on 
Agency i n  i ts document enti tl ed " I nformat i o n  on Leve l s  of Envi ronmental Noi se 
Requ i s i te to Protect Publ i c  Heal th and We l fare w.i th an Adequate Marg i n of 
Safety" for the HUD Exteri or Noi se Goal . Thi s  document recommends the use  of 
the Normal i zed Day N i ght Sound Leve l as an i ndi cator of l i ke ly effects and 
conununi ty response . Con s i derati on of the use of thi s i ndi cator shou l d be 
gi ven for preparati on  of the fi nal statement. 

Secti on 9 . 2 . 7 ,  pa�es 9-28 through 9-30 It  appears that the eval uati on  set 
forth i n  thi s sec1 i on rel i es so l e ly on a therma l l oadi ng densi ty of 30  kW/acre 
to assess creep effects of sal t. An eval uation  s hould be presented whi c h  
assesses near- fi e l d  creep effects res u l ti ng from maxi mum cani ster wal l tem
peratures . The eval uati on s houl d  i nc l ude the bases for thi s  assessment , 
i nc l udi ng such i tems as the maxi mum can i ster wa1 1 temperatures ,  and phys i cal 
and mechni cal prope rti es of sal t at the speci fi ed temperatures .  

The e l evated temperatures di scussed i n  thi s  secti on and i l l ustrated i n  
Fi gure 9-2 shoul d b e  consi dered when retri evab i 1 i ty concepts are eval uated.  
For  examp l e ,  machi ne ry used in  the  retri evabi l i ty operations  wi l l  have to 
function properly at temperatures at l east as h i gh as about 44°C ( 1 20°F ) .  

f i gure 9-2 ,  page 9-29 The fi gure s hows the temperature i ncrease i n  the 
mi ned tunnel  contai n i ng spent fue l e l ements up to 25 years .after emp l acement . 
The figure sho u l d be expanded to i nc l ude an esti mate of temperature i ncrease 
up to seve ral centuri e s  after empl acement ( after whi ch the decay heat rate 
wi l l  be greatly reduced) . 

Secti on 9 . 2 .  1 0 ,  page 9-32 Thi s  secti on states that rel eases res u l ti ng from 
routi ne handl i ng wi l l  be hel d  to l evel s  as l ow as reasonably ach i evab l e .  
Numeri cal esti mates of maxi mum , routi ne radi oa�tive rel eases shou l d  be made 
and the bas i s for the estimates shou l d  be di scussed.  

Tab l e s  9- 1 8  and 9- 1 9 ,  page 9- 38 The dos e  compari son between cal cul ated 
exposures and bac kground s hou l d  be presented as s uggested i n  the comment on  
Tab l e s  3-6  through 3-9.  

The tab l es shoul d s how the peri od of exposure that corresponds to these dose 
commi tments , for examp l e ,  " annual " if that i s  appl i cabl e .  

Secti on 9 . 2 . 1 1 ,  p�ges 9-39 and 9-40 Thi s  sec tion  di scusses the occup ati on�l  
exposure to four job categori es . Thi s  s ecti on s houl d al so  i nc l ude an esti mate 
of the number of workers i n  al l job categori es , the esti mated exposure to each 
worker and the esti mated total annual occupati o nal  exposure for the enti re 
faci l i ty. 

Tab l e 9-23 , page 9- 51  For c l ari fi cati o n , the tab l e shoul d have a col umn 
showi ng the quant i ty of each radi oactive i sotope assumed to be i n  a drum.  
Al so , there shou l d  be a di scuss i on of  the  bas i s  for  the assumptions .  
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Secti on 9 . 3 .  l ,  page 9-55 , thi rd paragraph The di stance from the poi nt of 
release to the James Ranch that was used to esti mate dose co1M1i tments to the 
maximal ly  exposed i nd i v i dual shoul d be stated .  

Secti on 9 . 3 .  1 a e 9-57 second araara h It i s  stated that the scenari o 
wi th the greates� impact i . e . , spent fuel ) wou l d  res ul t i n  an i nd i v i dual l ung 
dose of 1 . 0 x 1 0  5 rem , and a compari son i s  made to the dose a person woul d 
recei ve duri ng a 5-hour jet-pl ane tri p .  However , cons i deration  shou l d  be 
given to the uncertai nti es assoc i ated wi th the esti mates of scenari o con
sequences to make such compari sons mean i ngfu l . 

Section  9 . 3 .  l ,  page 9- 57 , s i xth and seventh paragraph The analys i s  of the 
accidents consi dereu duri ng fac i l i ty operation  ass ume that the HEPA fi l ters 
wi l l  be h i ghly effecti ve ( by a factor of 1 06 )  i n  removal of parti cul ate act i v
i ty pri or  to re l eas� to the envi ronment. The document presents the doses  that 
mi ght be experi enced i f  the " HEPA fi l ters were not worki ng" and conc l ude that 
even i n  such an event the above dose to the nearest res i dent wou l d be we l l  
be l ow background. Thi s  conc l us i o n  may be premature ; further cons i derati on 
shoul d  be g i ven to the analys i s  of the consequences of a l arge fi re wh i ch 
simu l taneously caus �s a re l ease of radi oact i v i ty and renders the fi l ters 
i neffecti ve and where any acti v i ty previously tra�ped on the HEPA fi l ters may 
be re l eased. The statement shoul d i ndi cate the rJnge of consequences o f  s uch 
events and how the i r  probab i l i ty wou l d  be m i n i mi zed.  

Secti on  9 . 3 . 3 ,  pages 9-59 and 9-60 Because of h i gh wi nds and s o i l character-
�sti cs , dust storms are re l atively common i n  the j i te area. Therefore , the 
effects of dust storms on fac i l i ty operation  shou l d be eval uated ( e . g. , emergency 
diese l s ,  fi l te rs ) .  

Natural gas i s  collllT!only found as soci ated wi th sal t depos i ts .  The potenti al 
for the occurrence of gss wi th i n  the mi ned area and the attendant hazard to 
both peop l e and the fac i l i ti es s houl d  be assessed. 

Secti on 9 . 3 . 3 .  l ,  page 9-59 , fi rst paragraph Provi de an esti mate of the 
aaxi mum earthquake { s )  expected to occur at the s i te fol l owi ng cl osure of the 
s urface fac i l i ty and the poss i b l e  effect of that earthquake ( s )  on the i ntegri ty 
of the underground faci l i ti es .  

Secti on 9 . 3 . 3 .  l ,  paEe 9-59 , thi rd paragraph Acqu i s i ti on o f  comprehens i ve ,  
accurate data re l at i ve to the underground effects o f  earthquakes i s  cons i dered 
quite important. Wi thout thi s  i nformation , extremely conservative as s umpti ons 
may have to be made to make an i mpact asses sment. Esti mates s ho u l d be made of 
the effects of ground shaki ng on the mi ned s hafts and cav i ti es duri ng the 
operati ng l i fe of the fac i l i ty as wel l as after c l osure. 

Gro und d i sp l acement and the attendant effects upon both groundwater reg i mes 
and natural gas depos i ts shoul d be addressed.  In the event ground rupture 
were to occur,  such that conunun i cati on betwee n  the natural gas/gro undwater and 
the repos i tory were made poss i b l e ,  the pote nti al for an i nduced exp l os i on or 
gas/water seepage i nto the cav i t i e s  shou l d  be addressed. Such an event shou l d 
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be consi dered duri ng  the operati onal l i fe of the faci l ity as wel l as fol i owi ng 
· cl osure .  

It has been suggested that sei smi c events have been i nduced a s  a resul t of 
mi n i ng activ i t i e s .  The l i ke l i hood of thi s  type of event shoul d be assessed. 

Sei smi c i ty ,  i nduced as a resul t of secondary hydrocarbon producti o n  ( i . e . , 
water i nj ecti on) has been hypothes i zed as £$" ��� events i n  Texas 
and e l s ewhere . The potenti al for s uch occurrences resul ti ng from secondary 
(or terti ary) recovery operati ons i n  present and future nearby gas fi e l ds 
shoul d be  assessed. The resul tant effects of i �duced sei smi city ( from any 
scenari o )  on the proposed surface and subsurfacti faci l ities  s houl d be  
determi ned. 

Secti on 9 . 3 . 3 . 2 ,  page 9-60 , fourth paragraph The di scussi o n  does not 
adequately address the , effects of l ocal ly severe rai nfal l on the s i te .  Thun
derstorms have i ntense rai nfal l for short peri ods of time . I nfi l trati o n ,  even 
i n  desert areas , wi l l  not normal ly prevent some pondi ng and l ocal fl oodi ng. 
Si nce thunderstorms can be expected often duri ng the operati onal l i fe of the 
pl ant , consi derati on  shoul d be g i ve n  to mi ti gati ng any adverse effects on the 
pl ant. 

Secti on 9 . 3 . 3 . 3 ,  p�ge 9-60 Provi de the des i gn cri teri a of the bui l di ngs and 
systems for the i r  res i stance to " tornado-force wi nds , tornado-driven mi s s i l es ,  
and sudden pressure changes . "  

Secti on  9 . 4 .  pages 9-6 1  through 9-97 There s ho u l d  be a presentati o n  of an 
estab l i shed mechani sm through whi ch mi ti gati on efforts rel ated to soci o
economi c i mpacts woul d be i denti f i ed , moni tored and handl ed  between the 
appl i cant and the cbgni zant offi c i al s  of  impacted j uri sdi cti ons . 

Secti on  9 . 4 . l a es 9- 61  and 9-62 seventh ara ra h The document state s  
t at the emp l oyee- l ocat i o n  pattern for scenar i o  I I  i s  based on the pattern 
estab l i s hed by a l arge mi ni ng company i n  the area. P l ease provi de the bas i s  
for assumi ng that past empl oyee- l ocat i o n  patterns for mi ni ng  compani es are 
i ndi cati ve of projected patterns for WIPP.  

Secti on 9 . 4 .  1 . 2  a e 9-62 second ara ra h The constructi on overl ap 
tween the WIPP project and the Brantl ey Dam project i s  di scussed. Because 

of a l ack of a comparati ve analys i s  and di scus s i o n  of 'the schedul e overl aps of 
the two projects , i t  i s  uncl ear what changes i n  anti ci pated i mpacts wou l d 
occur i f  e i ther of the s chedul es shoul d change.  P l ease provi de thi s  
i nformati on .  

Secti on  9 . 4 .  1 . 2 , page 9-6 5 ,  second paragraph An ant i c i pated drop i n  the 
unemp l oyment rate duri ng the constructi on peri od i s  projected. Are the type s  
o f  workers expected to be unemp l oyed just  p r i o r  t o  the construc.ti o n  peri od the 
same ki nds of workers l i kely to be emp l oyed by the WIPP .  proje ct? How many 
workers does thi s estimate i nc l ude? 
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section 9 . 4 . 3 ,  page 9-70 , fi rst and second paragraph The d i scuss i on presented 
on the projecte� soc i a l  structure wou l d  benefi t from expansi on to substanti ate 
the broad statements made . For examp l e ,  provi de the bas i s  for assumi ng that 
the i nmovers wou l d  be of s i mi l ar bac kground , occupati ons , and trans i e ncy. 

Secti ons 9 . 4 . 5 . 2  and 9 . 4 . 5 . 3 ,  pages 9-75 through 9-80 Thes e  s ecti ons project 
a housi ng shortage for the Carl sbad and Hobbs areas ; however , mechani sms for 
rel i ev i ng the shortage are not addressed.  Preference for mob i l e  homes i s  
menti oned but no di scuss i o n  of constrai nts , i f  any , to mob i l e  home expans i on 
i s  presented. If hous i ng s upp ly i s  ant i c i pated to be ti ght , descri be what 
pl ans are bei ng cons i de red to al l ev i ate thi s  expected i mpact. 

Secti on 9 . 4 . 6 . 1 ,  pages 9-85 through 9-87 and 9-92 through 9-94 The d i scus s i o n  
shou l d al so i ncl ude tne soci oeconomi c i mpacts associ ated wi th i ncreased traffi c 
through Carl sbad and Hobbs .  There may be j usti fi cati on  for a bypass h i ghway 
around each of these popul ati on centers to accommodate the i ncreases  i n  general 
traffi c  ari s i ng from s i te acti viti e s .  

Section  9 . 4 . 6 . 2 ,  page 9-89 , Educati on- - Hobbs Schoo l D i stri ct The d i scus s i on 
states that the enrol l ment capac i ty at the Hobbs mun i c i pal  s choo l s  wi l l  be 
exceeded begi nni ng i n  e i ther 1 982 or 1 983 , dependi ng upon the assumed sce
nari o .  The di scus s i 1,n  does not address  the time durati on of th i s  exce s s i ve 
capaci ty and what ef forts wi l l  be taken to miti gate th i s  occurrence . 

Section 9 . 5 ,  pages 9- 98 through 9- 1 46 Thi s secti on presents an ana lys i s  of 
long-term effects cons i deri ng a broad spectrum of events that cou l d res u l t  i n  
envi ronmental impacts from the faci l i ty.  A l though the doc ument i s  not meant 
as a ri s k  assessment , it wou l d  be benef i c i al to i n ; l ude further di scuss i ons of 
{a) uncerta i nties  i n  data val ues  used i n  the consequence cal cu l ati ons , ( b )  poss i b l e  
vari ati ons i n  the geohydro l ogi c system over the time peri od o f  concern and the 
effect of these vari ati ons on the consequence ca l cu l ations , and ( c )  the compi l a
ti on of re l ease scenari os for the WI PP s i te and th� reducti on to the fi ve 
scenari os cons i dered for anal ys i s .  

Secti on  9 . 5 ,  page 9-98 , fi rst paragraph An expected re l ease i s  equal to the 
s um of probabi l i ti es of re l ease time the amount of re l eas e .  S i nce the prob
abi l i ties  for al l re l eases are not zero , the phrase " the expected re l ease of 
radi oacti ve materi al  i s  zero11 shou l d  be revi sed to read 11 no radi oacti ve material  
is  expected to enter the b i osphere . 11 

Sec t i on 9 . 5 .  1 .  1 ,  page 9- 98 , th i rd paragraph The DE I S  states that the sa fety 
a�J l ys i �  i nd i cates t�a t the wa ste a nd i ts conta i ners  are not i mportant i n  
hi nder i ng the rel ease  of rad i oacti v i ty .  The NRC ' s  prel im i nary thoug hts on 
thi s matter are that the repos i tory s hou l d  cons i s t of a seri es  of mu l t i p l e 
ba rr i ers . The primary ba rr ier  to rel ea s e  of rad i oacti ve ma teri a l s i s  the 
waste fonn sys tem . The wa s te form sys tem i nc l udes the wa ste form , can i s ter , 
overpac ks , a bsorbent ma ter i a l s ,  and the fi rst few i nches of surround i ng roc k .  
For spent fuel , the wa ste fo rm sys tem s hou l d  conta i n  the rad i oacti ve mater i a l s 
for 1 , 000 years and a s  l ong therea fter a s  i s  rea sona b ly  a c h i evab l e a s s umi ng  
early saturation of the  repos i tory a fter c l os ure . Th i s  wi l l  a l l ow the  s hort
l i ved nucl ides  that con tro l the i n i ti a l  hazard a s soc i ated wi th the wa ste to 
decay to i nnocuous l evel s .  Beyond that per iod of time , the wa ste fonn sys tem 
shou l d  ma i n ta i n  re l eases  a s  l ow a s  i s  rea sona b ly  ach i evabl e but  l es s  than 
ten ppm per year .  The  l i m i t  of  ten ppm per year for the re l ease  ra te i s  con
s i dered by NRC to be ac h i evab l e ba sed on i nforma tion presented i n  the Draft 
Generi c Env i ronmenta l Impact Statement on  the Ma nagement of Commerc i a l l y 
Genera ted Rad i oacti ve Wa s te and to be s uffi c i entl y l ow to protect the publ i c  
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mai nta i n  re l eases  as l ow as i s  reasonably achi evab l e but l es s  than 0 .  l ppm pe r 
year. The l i m i t  of 0 .  l ppm per year for the rel ease rate i s  consi dered by NRC 
to be achi evab l e  based on i nformati on presented i n  the Draft Gener i c  Envi ronmental 
Impact Statement on the Management of Commerc i al l y _ Generated Radi oacti ve Waste 
and to be suffi c i ently l ow to protect the publ i c  heal th and safety.  

Secti o n  9 . 5 .  1 . 2 ,  page 9- 1 0 1 , Sel ect i o n  of scenari os  for analys i s  Thi s 
s ecti on d i scus ses  the four scenar i o s  for l i qu i d  breach and transport ( see  
Scenari os 1 ,  2 ,  3 ,  and  4 o n  page 9- 1 01 ) .  The d i scus s i on o f  scenari o 4 may 
l ead the reader to b e l i eve that i t  i s  much l es s  l i ke l y  to occur that the other 
three scenari os ; hrweve r ,  the di scuss i on negl ects the poss i b i l i ty that scenari o 2 
woul d  evo l ve natural l y  i nto scenari o 4 through di ssol uti on of sal t al o ng the 
fl ow paths . The ar .alys i s  of scenari o 2 ,  therefore , i s  def i c i e nt because i t  
does not cons i der en l argement o f  fl ow paths a s  a res u l t  of sal t di s so l uti oni ng 
and it al so fai l s  to con s i der sal t rep l acement by creep . Thi s analysi s  s houl d 
compare the rate o·.· sa l t remova l by di ssol uti oni ng wi th the rate of sal t 
rep l acement by creep for al l credi b l e  i ni t i ati ng events ( e . g . , fau l ti ng ,  s haft 
seal fai l ures ) .  Th i s  compari son wi l l  determ i ne events for whi ch the repos i tory 
i s  "se l f- heal i ng" and the events that res u l t  i n  mass i ve rep o s i tory fai l ure . 

Thi s secti o n  shoul d descr i be the bas i s  for s e l ecti ng these fi ve scenari os frc m 
the 94 i de nti fi ed  through fau l t  tree anal ys i s .  

The pote nti al for l i qu i d  breach and transport (Scenari os  l through 4 )  appears 
to be di rectly dependent upon ( 1 )  i nadequate sea� i ng of known boreho l es/ 
shafts , or (2) fl ow through unl ocated borehol es 'r other openi ngs . Carefu l , 
we l l -p l anned i nvesti gati ons  and procedures before , duri ng , and parti cul arly 
fol l owi ng s i te c l osure can preve nt these scenarios  from occurri ng for the mos t  
part. Long- te rm s urve i l l ance both o f  surface dri l l i ng operati ons and sal i ni ty 
moni tori ng of the overlyi ng and underlyi ng aqui fers may prov i de assurance that 
the s uggested scen�ri o s , or vers i ons thereof do not occur. 

Secti o n  9 . 5 .  1 . 3 , page 9- 1 02 ,  seventh paragraph It i s  stated that Tab l e s  
9-43 and 9-44 l i st the radi onuc l i des that are the "most i mportant i n  l ong-term 
consequence assessments . "  Descri b e  how the radi onucl i des  are cons i dered "most 
important" (e . g . , s i gn i fi cant contri butions  to ri s k ,  hi ghest i nventory ,  greatest 
toxi c i ty ,  most l i kely to reach b i osphere ) .  

It i s  not apparent whether the radi o l ogi cal i mpact of carbon- 1 4  was consi dered 
s i nce it i s  not i nc l uded i n  the l i st of fi s s i on �roducts mode l ed .  Because  of 
the i mportance of  carbon i n  b i o l ogi cal systems , i ts radi o l ogi cal i mpact cou l d 
be s i gn i fi cant even when the i nventory of the rad ionucl i de i s  rel atively 
sma 1 1 .  

Tabl e 9-43 , page 9- 1 03 The tab l e  s hou l d  c l ari fy whether the concentrati ons 
gi ven are per l i ter of waste materi.al or per l i te r  of repos i tory vol ume .  

Secti o n  9 . 5 .  1 . 3 , page 9- 1 03 ,  fi rst paragraph The document s tates that the 
mode l assume s upper bounds on the amounts of waste rel eased by assumi ng  that 
when water comes i nto contact wi th waste , the radi onuc l i de s  d i s so l v e  wi th the 
sal t. Thi s assumpti on  does not gi ve an upper bound because the water that 
comes i n  contact wi th the wastes i s  bracki s h  and w i l l  d i s so l ve the s a l t  
s l owly ;  howeve r ,  thi s  brac ki s h  water may corrode or  l each the waste , thus 
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produci ng an acce l erated re l ease o f  radionucl i des . The estimate o f  radi oacti ve 
re l eases s hou l d  take thi s pos s i b i l i ty i nto con s i derat i o n .  

Secti on 9 . 5 .  1 . 3 , page 9- 1 03 ,  second paragraph The document states that the 
numeri cal model  used i n  the geosphere-transport cal cu l ati on s  i s . based on  a 
mode l deve l oped for USGS and modi f i ed for the NRC . The staff wi shes  to poi nt 
out that the mod i f i ed geosphere-transport code i s  under deve l opment and NRC 
has not rel eased it for general use . At thi s ti me , the code has not been 
val i dated by the NRC and , therefore , the res u l ts from the use  o f  thi s code may 
not prov i de an accurate as sessment of  the geo l og i c  transport .  

The statement that a detai l ed mathemati cal di scus s i on of  the mode l ( and i ts 
app l i cati on to the ana lys i s )  appears i n  Append i x  K i s  erroneo u s .  Appen d i x  K 
presents 6 pages of  mathemati cs ; i t  s hou l d be expanded to s how how to u s e  the 
model i n  an analys i s .  ( See the comment on Appendix K. ) 

Secti on 9 . 5 .  1 . 3 , page 9- 1 04 1 i tem 2 
be changed to 11 f l u i d  v i s cos i ty. " 

It  appears that " f l u i d  vel o c i ty" shou l d  

Secti on 9 . 5 . 1 . 3 ,  p�ge 9- 1 05 ,  f i rst paragraph , i tem l The document s tates 
that a computer couc mode l ed the D e l aware bas i n  hydrol o gy.  The code used 
s hou l d be i denti f i e d .  Al s o , a reference s ho u l d  le provi ded for the test 
i nformat i on m�nti oned i n  the l ast sentence ( i . e . , "tested the cons i ste ncy 
between model -generated n umbers and hydro l og i c  measurements i n :the f i el d" ) .  

Sect i o n  9 . 5 .  1 . 3 , page 9- 1 05 ,  B i os hpere-transport cal cul ati ons , f i rst paragraph 
A n  i mportant factor t hat wi l l  i nfl uence consequences i s  the path l ength to the 
po i nt of re l ease because i t  wi l l  affect the decay t i me p r i o r  to re l ease and 
thus the acti v i ty l evel s .  The path l ength ass umed for the analys i s  i s  14 mi l es 
{ i . e . , Mal aga Bend) . The e ffect of  sho rten i ng t. l ·e path l ength s hou l d  a l s o  be 
i nvesti gated . For ?xamp l e , stock wate r i ng wel l s  may be dri l ed wh i ch cou l d 
e ffecti vely s horten the path l ength . 

Sect i on 9 . 5 .  1 . 3 ,  page 9- 1 06 ,  f i rst compl ete sentence The document s tates 
that the ana lys i s  ca l c u l ates the year ly  i ntake of radi onuc l i des by a person 
exposed through the b i osphere pathways . The mode l i ng o f  the b i osphere path
ways s hou l d  be c l ari f ied .  For examp l e ,  the as s umed popu l at i o n  di stributions  
and  usage factors s ho u l d  be defi ned as we l l  a s  the  pathways .that were eva l uated .  

Sect i on 9 . 5 .  1 . 3 ,  paJe 9- 1 07 ,  thi rd paragraph The document states that the 
permeab i l i ty of the we l l bore was cal cu l ated.  Ratner  than permeab i l i ty ,  i t  
appears that hydraul i c  res i stance was cal cu l ated .  I f  not , exp l ai n  what i s  
meant by permeab i l i ty .  

Secti on 9 . 5 .  1 . 3 , pages 9- 1 1 1  and 9- 1 1 2 ,  Rates o f  d i s so l uti on  Varyi ng  rates 
o f  d i s so l ut i on o f  the sa l t as a res u l t  of  water f l ow through the medi um are 
addres sed , and th� res u l tant eventu�l dose to man i s  esti mated ; howeve r ,  o ne 
obv i ous  effect on the env i ronment as a di rect res u l t  o f  conti n u i ng  sal t 
di sso l ut i on does not appear to be cons i dered.  Th i s  i s  the col l apse  o f  the 
overlyi ng strata w i th a g radual p ropagat i o n  to the s u rface res u l t i ng i n  an  
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ever-enl argi ng · depress i on.  The col l apse structure coul d serve as a col l ector 
for rai nfal l and , because of the resul ti ng di rect convnuni cati on wi th the 
aqui fer(s) and the sal t ,  accel erate the sol uti oni ng proces s .  Once col l apse 
of the sal t between the repos i tory l evel s and the overlyi ng strata occur , 
correcti ve measures , such as attempts to seal the breached reposi tory , may 
not be feas i b l e. P l ease, aMJ:eE.�-..:/U..• . .m:currence. 

Secti on 9 . 5 . 1 . 3 , page 9-1 1 3 ,  second paragraph Ide nti fy the daughter products 
1n secul ar equi l i bri um wi th thei r parents and , therefore , not i nc l uded i n  the 
geosphere-transpor� model . 

Tabl e 9-45 , pa�e 9· · 1 1 4  Tab l e  9:45 s hows the transport rate of I- 1 29 droppi ng from 4. 5 X 1 0  Ci/yr to 5 . 4 X 1 0  17 Ci/yr i n  a peri od of 3500 years for the 
3 •i l e  di stan�e . The Mal aga Bend_ ( 1 4  mi l es }  transportati o n  rate i ncreases 
from 3. 3 X 1 0  7 Ci/yr to . 4 . 6 X 1 0  3 Ci/yr. Fi gure 9- 1 4  i ndi cates that the 
transport rate s houl d be i ncreasi ng or s teady .  These di screpanci es shou l d  be 
resol ved. 

Tabl e 9-46 , page 9 · 1 1 5  Thi s tabl e i s  not consi stent with Tabl e_9-45 , 
page 9- 1 14 .  Tab l e  9-45 s hows a n  I- 1 29 transport rate o f  4. 5 X 1 0  3 Ci/yr at 
3 mi l es ,  for scenari o 2 ,  upper transmi s s i v i ty.  Tabl e 9-46 s hows a transport 
rate of 5 . 8 x 1 0  5 Ci/yr for the same condi ti ons . Both val ues are for the 
same period of time , i . e . , 3500 years . 

Secti on 9 . 5 .  1 . 3 ,  page 9- 1 1 5 , f i rst paragraph ,  i t am 3 Thi s "1 tem state s  that 
·1to a h i gh degree of confi dence , i n  each scenari o the actual geosphe re trans
port must l i e wi th i n  the res ul ts predi cted by cal cul at i ons  wi th the two 
transmi s s i v i ti es . 11 Al though the statement may be correct , i t  i s  meani ngl ess 
because ,  for time spans up to 40 , 000 years , the range of predi cted val ue� for 
transport rates i r� i cated i n  Fi gure 9-1 4  (page 9- 1 1 3} i s  20 orders of magni tude . 

Secti on 9 . 5 . 1 . 4 . page 9- 1 1 5 .  fi rst paragraph The document states that 
exposure pathways for man i nc l ude i ngesti on of fi sh  and water ,  boati ng , swi m
mi ng and shore l i ne acti v i ti es .  Consi deration s hould  al so be gi ven to the 
i rri gati on of crops and l ong-term bui l dup i n  soi l s  and s ediments as exposure 
pathways for man .  An exp l anati on shoul d al so be given for why only radi o
nucl i des origi nati ng i n  spent fuel and CH TRU waste , and not RH TRU waste , 
were used i n  the cal c u l ati ons . 

Sectio n  9 . 5 .  1 . 4 ,  page 9- 1 21 ,  Summary for l iqui d �reach and transport The 
doses recei ved by the maximal ly exposed person from scenar i o s  l and 4 are 
presented. The popul ation exposure shoul d al so be given.  

Secti on 9 . 5 .  1 . 6 ,  page 9- 1 27 ,  i tem 3 The numeri cal range of maximum doses 
1rom CH TRU waste and spent fuel  shoul d be gi ven to show the effect res u l ti ng 
from a factor-of-20 di fference between the fl ow rates for upper and l ower 
transmi s s i v i t i es . 

Secti o n  9 . 5 . 2 . 2 , page 9- 1 32 ,  fi fth paragraph The document states that one 
foot of surfi c i al subsi dence i s  estimated as a result  of 70% backfi l l  i n  a 

P-93 



1 6  foot cav i ty. Communi cati o n  between the Rustl er  aqui fe r  and the waste 
repos i tory as a res u l t  of s ub s i dence and fracturi ng of the i nterve n i ng s trata 
i s  not presented as a scenar i o  for eval uat i on .  It i s  s uggested that th i s  
scenar i o  b e  cons i dered fo r ana lys i s .  

Secti on 9 . 5 . 3 .  l The statement regardi ng the gas 
generat i o n  t ime span i . e . ,  much l onger than 200 years ) i s  i ncon s i stent wi th 
the assumed t i me span of  1 00 years for gas p roduct i o n  cal cu l at i o n s  i denti f i ed 
i n  the fi rst part i a l  paragraph of  page 9- 1 36 .  Thi s  di s c repancy s ho u l d  be 
reso l ved.  

Secti on  9 . 5 . 3 . l ,  page 9- 1 35 ,  fourth paragraph P l ease p rov i de the refe rence 
for the computer code used to descri be  the di ffu s i o n  o f  gas f rom the repos i tory .  

Secti on 9 . 7 .  l , pages 9- 1 66 l ast l i ne It  i s  .1ot c l ear whether  the l ow 
p robab i l i ty event ( 4  x 1 0  9 per year) refers to the occurrence of  a vo l cano o r  
the waste becomi ng ai rborne and carr i ed o f f  the s i te .  I f  i t  i s  t h e  forme r ,  
then c l ari fi cat i on i s  needed fo r the s tatement on  page 3- 2 ,  thi rd paragraph , 
that states that '' vo l can i c  acti o n  i s  q u i te prob1b l e . " 

References for Chapte r  9 The D i l l i o n  refe rence s ho u l d  be rev i sed to s how 
that the report was publ i s hed October 1 978 . 
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Speci fic Comments - Chapter 1 0  
Chapter 1 0  There i s  no di scuss i o n  whi ch pres ent$ the unavoi dab l e  adverse 
lmpacts res u l ti ng from construction and operati on of the WI PP  faci l i ty on  the 
33 s i tes i denti fi ed i n  Appendi x I as el i gi b l e  for the Nati onal Regi ster o f  
Hi stori c P l aces . (See  the connent on  Secti o n  9. 1 .  1 . 6 . )  
Secti on  1 0 . 2 .  page 1 0-2 , sixth paragraph The dose compari son shoul d b e  
pre sented a s  s uggested i n  the comment on Tabl e s  3-6 through 3-9. 
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Speci fi c  Comments - Chapter 1 1  

Chapter 1 1  There i s  no di scus s i on whi ch presents the i rrevers i b l e  and 
i rretri evab l e commi tment of  h i stori cal and archeol ogi cal resources ( i . e . , the 
33 s i tes i denti f i ed i n  Appe nd i x  I as e l i gi b l e  for the Nati onal Regi ster of 
Hi stori c P l ace s )  assoc i ated wi th WIPP faci l i ty .  (See the comment on Sect i o n  
9.  1 .  1 .  6 . ) 

Secti on 1 1 . 3 , page 1 1 -2 I t  is  stated that the total constructi on resource 
requi reme nts do not exceed 1% of the U . S .  producti o n  duri n g  the constructi on  
peri od. A more s i 9 n i fi cant bas i s  of reference wou l d  be the  l ocal i mpact on 
such resou rces as water ,  fuel , e l ectri c i ty ,  and l umber. 

Sect i on 1 1 . 4 , page 1 1 -2  The  l i st i n g  o f  resources for operati on shoul d a l so  
i nc l ude those maj o r  resources cons umed ( e i ther ons i te or offs i te )  for 
packagi ng and contai nment of  the waste.  
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Speci fi c Comments - Chapter 1 3  

Chapter 1 3 ,  page 1 3- 1 , thi rd paragraph I t  i s  stated that approxlmately 
620 acres of l and wi l l  be used for s urface faci l i ti es , transportati on  routes , 
and the mi ned- rock pi l e .  P l ease defi ne what porti o n  of the 620 . acres i s  
consi dered "di sturbed area" and provi de an estimate of the area whi ch wi l l  
return to i ts natural state. 
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Spec i fi c  Comment s - Chapter 1 4  

Secti on 1 4 .  l ,  page 1 4- 2 , fourt h  paragraph P l ease p rov i de the name of the 
bi rd spec i e s on the State l i st of rare and endangered spec i e s whi ch i s  l i ke l y  
t o  b e  i n  jeopardy.  

Sect i on 1 4 . 3 ,  page 1 4- 8 , i tem 7 The re s ho u l d be a d i scus s i on on the s t a t us 
of federal i mpact fund avai l ab i l i ty as we l l  as a l i st i ng o f  exi s t i ng fede ral 
program funds and as s i stance for whi c h the i mpacted j u r i s d i cti ons wou l d be 
qual i fi e d .  
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Speci fi c  COR111ents - Gl os sary 

Gl ossa The fol l owi ng terms and thei r defi n i t i ons are suggested for 
ncl u s i on i n  the gl ossary: tectoni cs , caprock. 
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Spec i f i c  Comm�nts - Appendi x A 

Secti on A . 2 ,  page A-3 ,  thi rd paragraph Si nce bri ne mi grati on  i s  apparently 
i n i ti ated o n l y  when e l evated temperatures wi th thermal grad i e nts are present , 
an al ternati ve wou l d be the pl acement of that waste capab l e of generat i ng 
adverse temperatures i n  a temporary storage area unti l manageabl e heat l evel s  
were attai ned , then movement of the waste to the permanent respos i tory l oca
ti on .  P l ease addres s  thi s  al ternati ve to mi ti gate bri ne mi grati on .  

Section  A . 2 ,  page A-5 ,  second paragraph Si nce expl o s i ves are not requi red 
for m i n i ng ,  another advantage of sal t  over the other host med i a  bei ng con
s i dered ( shal e ,  grc n i te ,  and basal t)  i s  that on ly  mi n imal fracturi ng of the 
cavi ty wal l s  and fl oors may occur. Thi s  characteri sti c i ncreases both the 
i ntegr i ty of the mi ned openi ng as wel l as i mproves the abi l i ty to grout (seal ) 
the cav i ty dri fts and shafts . 

Section  A . 2 ,  page A- 5 ,  th i rd paragraph Al though "waste" sal t wi l l  resu l t  
from the mi n i ng operati ons , the pos s i bi l i ty ·of sel l i ng s ome or  al l of thi s 
material  by compet iti ve b i ddi ng i s not addressed .  It i s  suggested that some 
effort s hou l d  be m�de to i nvesti gate the marketi ng potenti a l  for thi s  common , 
but not val uel ess , natural resource . 

The drai nage bas i ns of so utheastern New Mex i co , "! i ke adjacent areas of 
Co l orado , Kan�as , O kl ahoma , and Texas , di s charge con s i derab l e  quanti t i es (many 
tens of ton s )  of  sodi um chl ori de per day , (Swenson , F .  A . , 1 974 , Rates of  
Sal t S o l uti on in  the  Perm i an Bas i n ;  U . S .  Geo l . S1Jrvey Jour. Researc h , Vol . 2 ,  
No . 2 ) .  Therefo re , the i ntroduct i o n  o f  sal t (pe 1 ·  s e )  i nto the repo s i tory 
s urface runoff systems wo u l d not necessari l y  present a uni quely undes i rabl e 
envi ronmenta l i mpact at l east i n the Permi an Bas i n .  

Secti o n  A . 3 ,  page A- 6 ,  second paragraph Al though i t  i s  true that 
crysta l l i ne roc k m�y contai n i nn umerabl e fractures fi l l ed w i th water ,  i t  i s  
l i kewi se true that extens i ve gran i te quarri es , i mmedi ate l y  adjacent to and 
wel l bel ow the nearby water l eve l ,  are essenti al l y  dry.  A careful and sys
temati c  search of those areas of the country underl a i d  by crystal l i ne roc k  may 
i denti fy regi ons  not permeated wi th exce ss i ve groundwater. 

Section  A . 3 ,  page A-7 , thi rd pa ragraph Dri l l  and bl ast techni ques for 
mi ni ng c rysta l l i ne roc k  create numerous fractures i n  the access s hafts and f n  
the dri fts , thus accentuati ng the potenti al for groundwater mi grati o n  from 
over lyi ng water- fi l l ed zone s . The created fractu res wi l l  compl i cate the 
adequate l ong-term �ea l i ng of  the shafts . 

Sect i o n  A . 3 ,  page A-7 , fourth paragraph Cons i derabl e number of areas i n  the 
north-centra l Un i ted States are under l ai d by anc i ent crystal l i ne rocks . These 
areas have undergone seve ral peri ods of g l ac i ati on .  I f. future gl aci al  advance 
i nto these areas were to occu r ,  i t  wou l d  have the potenti al , because  of  the 
we i ght of the i ce mass , to temporar i ly decrease the fracture s i ze thus 
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decreasi ng permeabi l i ty and hence , water fl ow. However ,  glacial retre•� .. y 
l ead to i sostati c rebound and extensi ve fracturi ng. 

Section A. 4 ,  page A-7 and A-8,  fi rst paragraph It shoul d be noted that 
i nc l us i ons of i ron pyri te ,  aarcasite , and other mi neral s are COlllOn wi thi n 
l arge sha l e  bodi es and wi l l  contri bute to. the vari ab l es i nvol ved i n  assessi ng 
a s hal e reposi tory. 

Secti on A. 4,  pages A-7 through A-9 The documeni does not d i scuss that , 
although essenti al ly impermeabl e ,  near-c0111erci al quantiti es of natural gas 
have been found wi thi n the s ha l e at many l ocati ,ns , especi al ly i n  the Oh i o
Michi gan area. These areas , because of thei r  sedi .. ntary ori gi n ,  · are l i kewi :;e 
i n  regi ons underl a i d  occasional ly by extensi ve oi l and gas deposi ts and evapn
ri tes . A potential  preempti on of natural resources may resul t i f  repos i tori �s 
are consi dered in these areas . Li kewi se extensi ve dri l l i ng ,  rel ated to exp l o
ration for oi l ,  gas , and other resources , has occurred over a peri od of near�y 
1 00 years . The l ocati ons of many of these hol es have not been recorded and 
thi s woul d  present prob l ems i n  assess i ng the i nt�ri ty of a repository. 

Section A. 5 ,  pages A-9 and A- 1 0  Si nce tuff , by defi n i ti on , i s  l ocated i n  
vol cani c areas , the potential for renewed vol can i c  acti v i ty shoul d  be con
si dered for ass uri ng l o ng-term i sol ation of the waste. 
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Spec i fi c Comm�nts - Appendi x  B 

Secti on 8 . 3 . 3 .  page B-5 , fi rst paragraph The defi n i ti on of an "acti ve" 
fau l t  shou l d  be presented . The defi n i t i on shou l d address ( 1 ) when a fau l t i s  
c l as s i fi ed as " acti ve" and (2)  what consti tutes a l evel of acti v i ty s uc h  that 
the faul t  i s  cons i dered i nactive .  

P l ease def i ne what consti tutes a suffi c i ent peri od of qui escence such  that the 
vol can i c  hazard i s  nonexi stent. 

Section  8 . 5 .  l ,  page B- 1 5 ,  second paragraph Though the sei smi c i ty i n  the 
Sal i na regi on may t e  l ow ,  the se l ecti on of the des i gn earthquake s hou l d not 
necessari ly  be based upon an event occurri ng i n  the Sa l i na Bas i n . For exam·· 
p l e ,  a l though numerous nucl ear power pl ants are l ocated wi th i n  the Sal i na 
Bas i n ,  the des i gn earthquake for each of these p l ants i s  based upon an event 
i n  western Ohi o ,  ne ar Anna . A s i m i l ar approach shoul d be taken for sel ecti ng 
the control l i ng earthquake for a repos i tory l ocated i n  the Sal i na regi o n .  

Secti on B . 5 .  1 ,  page B- 1 5 ,  thi rd paragraph Hydrocarbon exp l orati on  has been 
conducted wi thi n t� i s  reg i on for near ly a century. Many of the ol de r  expl ora
tory we 1 1  s may haVf penetrated the sa 1 t beds ; however ,  the 1 ocat i ons of many 
of these we l l s  are un known and not recorded. I f  wel l seal i ng was i nadequate , 
sal t sol uti oni ng through communi cati on wi th unde rlyi ng and/or overlyi ng aqu i 
fers may have occurred. The detecti on o f  these forgotten ,  perhaps sol uti oned , 
wel l s  may prove to be di ffi cu l t  with i n any propo sed repos i tory � s i te area.  

Secti on 8 . 4 through 8 . 8 ,  pages 8- 6 through 8-36 In the geol ogy di scus s i o ns 
for the regi onal  stud i es , it shou l d  be noted that the s i te sel ect i o n  p rocess  
shoul d be cogni zant of  and mi n i mi ze the preempti on of natural resources . 

Secti on 8 . 6 .  l ,  pag� B-22 , second paragraph S 'i r .ce more tecto n i c  act i v i ty ha3 
probably take n p l ace with i n  the Paradox Bas i n  ( even some act i v i ty wi th i n  the 
Terti ary pe ri od) than the other bas i ns ,  thi s aspect of s i ti ng s houl d rece i ve 
c l oser scruti ny.  

Secti on 8 . 7 .  1 ,  page B-27 , fi rst paragraph I t  shou l d be noted that the 
potenti al  for add i ti onal hydrocarbon exp l o rati on wi thi n and adjacent to the 
many domes i n  the regi on wi l l  probably conti nue . 

Secti on 8 . 8 . l ,  page 8- 3 5 ,  f i rst and second paragraph As i n  the case of 
other cand i date areas , current NRC s i ti ng pos i ti ons res u l ti ng from nucl ear 
power p l ant revi ews ( regard i ng capab l e faul ts ,  desi gn earthquakes , etc . ) 
shoul d be consi dered when s e l ecti ng a waste repos i tory s i te ,  s i nce three 
nucl ear p l ants are presently l ocated at the Hanford �i te . 
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Speci fi c  Comments - Appendi x 0 

Section 0 . 2 ,  page 0- 5 .  Man-made penetrations  The potenti al  hazard o f  d i s-
so l ution  due to groundwater mi grati o n  through man-made ope n i ngs ( e . g. , shafts , 
boreho l es )  can be mi n i m i zed i f  effecti ve l o ng-term seal i ng techni ques are 
devel oped and used.  

Section  0 . 5 ,  page 0- 9 ,  Natural resources The recoverabl e  mi neral resources 
under lyi ng and overlyi ng the s i te s hou l d  recei ve careful eval uati o n .  Si nce 
thi s i s  one of the few s i te sel ecti o n  criteri a t i . e . , m i n i mi z i ng the u navoi d
abl e  confl i cts wi th actual or  pote nti al resources ) over whi ch contro l can be 
exerc i sed , caution  shou l d  be  exerci sed before fi nal i zi ng the actual s i te 
l ocation .  The s uccess  of adm i n i strati ve contro l s to restri ct the acce s s  and 
expl o i tati on of natural resources , s uch as potash , cannot be assured beyond 
the s hort-term. 
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Spec i f i c  Comments - Appendi x  F 

Appendi x F The d i scus s i on shou l d be expanded to descri be i n  greater detai l 
the vari ous i nc i nerati on and immobi l i zati o n  processes and the properti e s  of 
the res ul ti ng products . 
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Speci fi c  Comments - Appendi x G 

Section  G . 2 ,  pages G- 1 through G-4 It was stated i n  Secti on  G . 1 that X/Q 
val ues were cal cul ated us i ng the MESODIF  mode l i nstead of AI RDOS- I I .  There
fore , the AI RDOS- I I  X/Q routi ne descri pti on shoul d  be repl aced wi th a bri ef 
summary of MESODIF.  

Secti on G . 3 ,  page G-5 ,  s econd eguati on The vol umetri c  uni ts are not con-
si stent for X (pCi/m3) and c 1 mm  ( rem-cm3/uCi - hr) . 
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Spec i fi c  Comments - Append i x  H 

Secti on H . 4 . 1 ,  page H-48 , f i rst paragraph Based upon the method0 l ogy 
presented i n  Regu l atory Gui de l .  76 and WASH- 1 300 , i t  i s  esti mated that the 
Des i gn Bas i s  Tornado ( DBT) wou l d  be greater than 300 mph rather than the 
1 83 mph val ue stated .  

Sect i on H . 4 . 3 and  H . 4 . 4 , pages H-57 and H-58 I t  has been obs erved that the 
verti cal  growth of p l umes i n  a desert envi ronment are l es s  than the growth 
ref l ected by the Pasqui l l /Gi fford p l ume spread parameters . Therefore , for 
atmospheri c di sper�. i on cal cu l ati ons , it i s  s uggested that the use  of the 
spread parameters wh i ch refl ect the l essened vert i ca l  growth of p l umes i n  a 
desert envi ronment be  cons i de red .  ( For examp l e ,  see  G .  R .  Yans key , 
E .  H .  Markee , J r . , A .  P .  R i chter ( 1 966 ) :  C l i matol ogy of the Nati onal  
Reactor Testi ng St� ti on , ID0- 1 2048 , Ai r Resources  F i e l d Research Offi ce , I daho 
Fal l s ,  Idaho . ) 

Secti on H . 4 . 3 ,  paqe H- 58 , fi rst paragraph 
model descr i be d  i r.  draft Regu l ato ry Gui de 
the p robab i l i ty l e ve l  used i n  addi ti on to 
the use of the draft gu i de .  

I t  i s  not c l ear i f  the enti re 
l . XXX was used .  ( For examp l e ,  was 
the X/Q equati ons ? )  Pl ease des cri be  

Secti on H . 4 . 6 ,  page s H- 6 1  through H- 64 A di scuss i on w i t h  conc l u s i ons shoul d 
be  i nc l uded regard i ng the po s s i b l e  c l i mat i c  changes that co u l d adve r s e l y  
affect the repo s i to ry i n  the l ong- term future ( e . g . , g l ac i ati on , tempe rature , 
and prec i p i tat i on changes ) .  

Sect i on H . 4 . 6 ,  page H- 63 , fourth paragraph I n  the di scuss i on on present ar .d  
f uture g l ac i at i on , the e f fect of C02 atmosp her i c  bu i l dup , wh i ch coul d cause  
excess i ve warmi ng , shoul d be addressed .  

Sect i o n  H . 8 . 4 , page H- 1 00 ,  f i rst paragraph Descr i be the effects res u l t i ng 
from man- i nduced atmosphe r i c change s , res u l ti ng i n  e i ther i ncreased o r  
decreased temperatures a n d  rai nfal l a n d  cons equent i ncreased a l l uv i ati on o r  
eros i on .  A l so , the  i mpact of t i me and  eros i on on the  removal of  evi dence of a 
repos i tory ' s  exi s tence , thereby i ncreas i ng the potenti a l  v i o l ati on of the s i te 
by dr i l l i ng and mi ni ng , s ho u l d be addres s e d .  
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Speci fi c  Comment - Appendi x  J 

Figure J- 1 , page J-2 Thi s  fi gure dep i cts dri l l  hol es of vari ous types i n  
the v i ci n i ty o f  the WI PP  reference s i te ,  i nc l udi ng a number of deep produci ng 
and abandoned gas we l l s .  These we l l s  penetrate the sal t hori zons �� we l l  as 
several aqui fers .  S i nce borehol e  communi cat i on wi th aqui fers and the sal t 
cou l d  resul t i n  uncontrol l ed sol uti oni ng , an assessment shou l d be made of thi s 
potenti al  mul ti p l e-source sol uti oni ng and the effect of thi s  potenti al hazard 
on the proposed s i te .  The effecti veness ( pri�;;••'j "ttmgev i ty)  and nature of 
the wel l seal i ng upon abandonment of each we l l  shou l d  be addressed.  

Consi deri ng the mul ti tude of hydrocarbon rel ated dri l l  hol es i n  the study 
area , i t  i s  i mperati ve that al l exi sti ng hol es �e l ocated , parti cularly with i n 
zones I ,  I I ,  and I I I  on Fi gure J- 1 . A detai l ed descri pt i on of the procedures 
and veri fi cati on methods used to determi ne the presence ( or absence ) of hydro
carbon ho l es wi th i n  the study area shou l d  be presented.  

Secti on J . l .  l ,  page J- 1 , th i rd paragraph S i nce a numbe r of exp l oratory 
ho l es have been made with i n  the s i te area , any hol e  seal i ng that may have been 
compl eted shou l d be eval uated wi th respect to any potential  sol uti oni ng or 
repos i tory i ntegri ty hazards whi ch may have been created.  

D i scuss the methodcl ogy bei ng consi dered to  remove exi st i ng borehol d  seal ant , 
i f  i t  was determi n�d necessary to do so .  

Section J.  1 .  l ,  page J- 1 , fourth paragraph P l ease d i scuss �the procedures 
used by DOE i n  se l t:ti ng the 26 l i ne mi l es of s e i smi c data . The d i scus s i on 
shou l d  address whet�er al l of the avai l ab l e  data were exami ned for evi dence of 
structural anomal i es i nstead of us i ng a sel ect (or random) sampl i ng of data . 

figure J-2,  page J:1 �he fi gure shoul d del i neate the 26 l i ne mi l es of 
sei sm i c  data actu� 1 ly obtai ned by DOE ( see Secti on  J.  1 .  1 ,  page J - 1 , fourth 
paragraph) . 

Secti on J .  1 .  l ,  page J- 6 ,  second paragraph A cl earer assessment of the 
probabl e subs urface cond i ti ons expected to be encountered wi th i n  the sal t 
hori zons can be made by i nspecti ng worki ng m i nes .  Therefore , to accommodate 
thi s assessment , p l ease provi de a common map s how i n g  the reference s i te ,  
worki ng and abandoned m i nes of al l types  wi th i n  at l east 1 5  m i l es of the 
reference s i te ,  and des i gnati ng those mi nes exami ned c l osely  by DOE or i ts 
contractors . 

. Sect i on J . 2 . 1 ,  page J-32 , second paragraph As i n  the case of  subsurface 
�eri fication  at nuc l ear power p l ant s i tes , it  is  recommended that photographi c 
coverage be made of al l s hafts and dri fts for revi ew by cogni zant agenc i e s  or 
i nd i v i dua l s .  I ntens i ve geo l og i c  mappi ng shou l d  be conducted at thos e  areas 
deserv i ng speci al atte ntion .  

P- 107 



Sect i o n  J . 2 . 1 ,  page J- 32 , fi fth paragraph I n  addi t i o n  to s urfac� 
se i smomete rs , s ubsurface i nstruments establ i s hed at varyi ng l evel s ei ther 
wi th i n  the m i ned area o r  e l sewhere may prove val uabl e i n  ass e s s i ng the vari a
ti on of any poss i b l e  ground mot i o n  wi th i nc reas i ng depth .  The i nformati on 
obtai ned may permi t a more econom i cal  des i gn of s hafts and dri fts , as we l l 
enc l osed equ i pment. Add i t i onal l y ,  s uch  i nfo rmati on may be useful i n  prov i di ng 
future gui dance i n  s e l ecti ng one of the many al te rnati ve d i sposal  methods 
s uggested i n  the GEIS .  Perhaps these i nstruments coul d be i nsta l l ed p r i or  to 
construct i on i n  o rder to acqu i re potent i a l l y  va1 uabl e background data . Some 
cons i derati on  s hou l d be gi ven to the pos s i b i l i ty of mai nta i ni ng some i nstru
mentati on  beyo nd the operat i onal phase of  the f< c i l i ty i n  order to acqu i re 
i n formati on that can be app l i ed toward the des i gn of future repo s i tori e s .  
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Speci fic  Comments - Appendix K 

Appendix K More detai l shoul d be provi ded  on the hydrol ogi c transport 
mode l .  For exampl e ,  the method used to represent ( s i mu l ate ) the WI PP system 
us i ng the model shoul d be d i scussed i n  deta i l .  (See the app l i cabl e  comment on 
Secti on 9 . 5.  1 . 3 , page 9- 1 03. ) 

Secti on K. 2 .  1 ,  pages K-9 through K-20 Thi s s ecti on di scusses the aqui fer 
system in  the WI PP area. A group of  schemati c s  showi ng the rel ati onshi p of 
the aqui fers i n  the WI PP area to acces s i b l e waters ( e . g . , Pecos Ri ver) i n  the 
regi on wou l d  be hel pful  i n  revi ewi ng the bas i s  for the rel ease scenar i o  sel ec
tion and the poi nts of reference i n  the consequence cal cul ati ons ( see Sect i on 
9. 5 .  1 . 3) .  

Sect i on K. 2 . 2 ,  page K- 21 , second paragraph The document states that the 
transport cal c u l at i ons iigeneral l y  assume that the events i n  the scenari os 
beg i n  1 , 000 years after the repos i tory is seal ed. 11 I t  is i mp l i ed i n  Secti on 
9.  1 . 5 . 4  (page 9- 1 1 5 ,  fi rst paragraph)  that cal cu l ati ons are made for deter
mi n i ng event conseouences as sumi ng that the repos i tory i s  breached after 1 00 
years . P l ease c l ar i fy thi s apparent di screpancy.  

Secti on K. 2 . 2 ,  page K-21 , fourth paragraph The document conc l udes that the 
consequences of a scenari o beg i nn i ng wi th a 1 00-year breach " are not affected 
signi fi cantly i f  it begi ns 900 years l ater. 11 Section  9 . 5 . � . 4  i s  referenced 
for conta i n i ng the cal cul ati onal resul ts for s upr ort i ng thi s conc l usi o n .  
However , Secti on 9 . 5 .  1 . 4  presents only the res u l ts o f  a Cs- 1 37 concentrati on 
cal cul ati on for 1 00 years ( see Fi gure 9-21 , page 9- 1 21 ) .  To provi de a bas i s  
for the conc l usi on i n  questi on , the res u l ts o f  a 1 00-year reposi tory breach 
shoul d be e l aborated w i th at l east a fi gure s i mi l ar to F i gure 9-20 , page 9- 1 2 1  
( i . e . , boundi ng ca l ;u l ation  for the concentrat i on o f  al l �ad i onuc l i des ) .  

The document states that i t  i s  not i mportant to model  events at early t i mes 
because " the travel t i mes to the bi osphere are so  l ong that only the l ong- l i ved 
nuc l i des are sti l l  acti ve when the contami nated aqu i fe r  water i s  d i scharged . " 
The staff poi nts out that thi s conc l usi on  i s  val i d  only for l ong trave l  ti mes . 
The two control l i ng parameters are path l ength ( assumed as 1 4  m i l es )  and rate 
of nucl i de rel ease ( as s umed to be equal to rate of sal t di ssol uti on ) .  The 
val ues assumed for each of  these two contro l l i ng parameters are not conservat i ve .  
Thus , early t i me events may b e  i mportant and shou l d  b e  factored i nto the 
inodel . 

Sect i o n  K . 3 .  l ,  page K-23 I n  the f i rs t  sentence after the thi rd equat i on on 
the page , " 1 3 . 4 square mi l es" shoul d be  changed to 11 1 3 . 4  square meters . 11 

Secti on K. 3 . 3 ,  page K- 24 The effects of uncertai nti es i n  rad i onuc l i de 
transport by groundwater estimati ons s houl d be d i scusse d , i nc l ud i ng some 
estimati on of  the i r  magn i tude . For examp l e ,  wou l d uncertai nti es i n  the val ues 
for the di stri b uti on coeffi ci ents be encompassed by the upper val ues for 
transmi s s i v i ti es presented i n  the consequence cal cul ati ons i n  Section  9 . 5? 
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UN ITED STATES WATER RESOURCES COUNCI L  
S U I T E  8 0 0  • 2 1 2 0  L S T R E E T ,  N W  W A S H I N G T O N ,  D C  2 0 0 3 7  

Mr. Eugene Beckett 
WIPF Proj e ct Office 
Mail Stop B - 1 0 7 
Depa rtment of Ene rgy 
Wa shington, D. C .  2 0545 

Dea r Mr. Be ckett: 

JUL I 2 1979 

Thi s  to a cknowle dge r e ce ipt of the draft envir onmental impact state 
ment (EIS )  title d, "Wa ste I s olation Pilot Plant" (DOE /EIS - 002 6 - D ) .  

The Wate r Re source s C ouncil ha s no c omme nt s t o  offe r re garding 
this EIS .  

Le o M.  Eisel  
Dire ct or 

M E M B E R S :  S E C R E TA R I E S  O F  AG R I C U LT U R E ,  A R M Y ,  C O M M E R C E ,  E N E R G Y ,  HOUS I N G  A N D  U R BA N  DE V E L OP M E NT, 
I NTE R I O R , T R A N SPO R T A T I O N ;  A DM I N I ST R A T O R ,  E N V I R O N M E NT A L  P R OT E C T I ON AG E NCY · O B S E R V E R S :  ATTO R N E Y  
G E N E R A L ;  D I R E C T O R ,  O F F I C E  O F  M A N A G E M E NT A N D  B U DG E T ;  C H A I R M E N ,  C OU N C I L  O N  E N V I R O N M E N T A L  Q U A L I TY ,  
TE N N E S S E E  V A L L E Y  A U T H O R I T Y  BAS I N  I N T E R A G E N C Y  C O M M I T T E E S ;  C H A I R M E N  A N D  V I C E  C H A I R M E N ,  R I V E R  B A S I N  
C O M M I SS I O NS 
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COMMENTS FROM STATE AGENCIES 
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01-A:ILH 

8 ... CB 8P TllB &OVBllNOR 
DIVISION OF POLICY DEVELOPMENT AND PLANNING 

Mr . Eugene Beckett 
WIPP Proj ect Office 
Mail S top B-107 
Department of Energy 
Washington , D . C .  20545 

June 2 8 ,  1979 

Subj ect : Waste Isolation Pilot Plant DEIS 
S tate I .D .  No . 79052302ES 

Dear Mr . Beckett : 

JAY S. HAMMOND, Governor 

POUCH AD 
JUNEA U, ALASKA 998 1 1  
PHONE: 465·3512 

The State Clearinghouse has completed its review of the subj ect proposal . 
The fol lowing comment was received from the Alaska Department of Commerce 
and Economic Development : 

"The subj ect of the EIS is obscured by omission of the main purpose 
from the title . The word ' rad ioactive ' should be included for 
clarity . WIPP appears to be as good an acronym as any but for 
clarity , some indication of the nuclear purpose should be provided . 

"The purpose of the waste isolation plant appears to be eventual 
permanent storage of nuclear wastes . Retrieval , however , may 
become more desirable in the future , when new techniques and treatment 
of processes can make the present waste valuab le . The d iscussion 
of the waste hand ling facility , meanwhile , speaks in terms of ten 
and twenty year retrieval period s and capacity to year 2000 . This 
appears inconsistent except for a strictly experimental installation . 
Investment in the plant will be considerable , however , and long-
term use should also be part of the plan . The proposed waste 
disposal and experimental plant is essential to developing accept
able procedures for nuclear power and other applications or rad io
active material s .  

"The obj ective appears t o  be t o  get a positive program developed 
and operating at the earliest opportunity . Al ternative #2 seems to 
fit that obj ective , and also appears to have suffi�ient room for 
expansion as new information is developed . 

"One very definite requirement for all government documents which 
deal with acronym designations should be a listing of the acronym ' s 
meanings . "  
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Mr . Eugene Beckett -2- June 2 8 , 1979 

We would stress that this DEIS refers to one specific method operat ing 
in one pilot plant . The future of nuc lear development will depend 
largely on the provision of safe storage and d isposal of nuclear wastes . 
Al l method s of disposal and storage should be explored , at least theoretical ly , 
while realizing that specific appl ications will be subj ect to the EIS 
process prior to implementation . 

Thank you for the opportunity to comment . 

JLM: BR : cl 

cc : Bertram Wagnon , CED 

Sincerely , -:L � 
Jerry L .  Madden 
State-Federal Coord inator 
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FEDERAL ASSISTANCE 2. a. Numbe1 

SIGNOFF 
I I 

J. State 
OMB Appl'cwal Nn . 29--R02 1 0  

d .  Numbo1 
Applicant's applicatiQn AZ 7 9 - 8  o - 003 9 _..., __________________ ,... application r.t-,_-,o=-

a
-1·e

--------..11ident ifie< 
1 .  Type Of 0 Preapplication 1 9  r b. Oat" Ja i  Yl'ar month 

Action 0 Application Year Month Dal' Aui11.nect 1_9_7_9 _ ____ o_s __ 2._'•_ ��::!priatc 0 Notification Of Intent (Opt.)  l.t'a1•e "U 1 9 79 - 7, _. --'""\ / /' LJ ...  ..-... O R  Of F . Blank AUu ST 3 ,  box/ eport edera! Ac�o'!_ __ _... ____________ .,. __ .;..,,....,1;,;c;;.ro..o.r"'-y -l'IUo.:r.,.,..,ii'I!.� v i-' ------. 
5. federal Employer ldentificaTt0n No. 4. Legal Applicant /Recipient 

a . Applicant Name Department of Energy �·----r-------------� 6. Program WIPP b. Organization Unit 
c. Street/P.O. Box 

P ro j e ct Office 
Mai l  S top D- 1 0 7  
Wa shington 

(From 
Fl'llrral 
Cat oln11J 

�u_.m_be_r __ _,l=a...L:l 1::....il_•.,L.;I o�_.l-"-9� 1 9� 
d .  C ity a .  County 
f. State D . C .  g. Zip Code : 20545 
h .  Contact Perrnn Mr . Eugene Beckett ...---- -

(Na1111• & t�lephnne nn.) ( 30 1 )  3 5 3 - 3 2 5 3  
.. a t------- -------- - - ----- · - - - --· 

b. Title Unknown 

;.iepartment of Energy 

c 7. Title and d"5Cription of apphcant'l project 8. I ype of applicant /recioient 
.! WASTE ISOLATION P ILOT PLAN'l' - DRAFT ENVI RONMENTAL A -s.... G-S.,.cuol Pu1l)OIO U111nct � IMPACT STATEMENT - DOE/EIS-00 26-D ( 2  Volumes ) �- �:!�:·o.11r0ci �-�';�E'�'.."C:,�;,::".-. � Seven alterna tives are cove red : No action ; a lte rna- r.:t�"'' J- :�=\�� ... 
" ti ves : to TRU waste di spos a l ; for the intermediate- F - Sdlooi °'""•' K-o, .. , � scale faci l i ty ; time schedules & potent i a l  location s , . Federal Agency 
.!:! i n cluding A Z .  Transportation of nuc lear waste wi th (Specif)•/: 
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STATE OF CALIFORNIA-THE RESOURCES AGENCY 

DEPARTMENT OF CONSERVATION 

DIVISION OF MINES AND GEOLOGY 
DIVISION HEADQUARTERS 
1 "' 1 6  N I NTH STREET, ROOM 1 3"'1 

SACRAMENTO, CA 958 1 "'  

(Phone 91 �·1825) 

Eugene Bec kett 
Waste I sol at i on P i l ot Pl ant Project Offi ce 
Mai l  Stop B-1 07 
Department of Energy 
Wa s h i ngton , D . C .  20545 

Dear Mr . Beckett : 

EDMUND G. llROWN JR., Go,.ernor 

September 1 9 ,  1 979 

Enc l osed p l ease fi nd  a d i scus s i on of the "Waste I sol ation P i l ot 
P l ant" Department of Energy draft Env i ronmental Impact Statement 
0026-D . I hope th i s  i nformat i on wi l l  be u seful to you .  lf I can 
be of further serv i ce pl ease advi se .  

Enc l osure / 

P-116 

James F. Dav i s  
State Geol og i st 



STATE OF CALIFORNIA-THE RESOURCES AGENCY 

ENERGY RESOURCES CONSERVATION 
AND DEVELOPMENT COMMISSION 
1 1 1 1  HOWE AVENUE 

SACRAMENTO, CALIFORNIA 9582.5 

(91 6 )920-681 5 

Mr. Eugene Beckett 
WIPP Project Offi ce 
Mai l Stop B- 107 
'lepartment of Energy 
'ashington , D . C .  20545 

Dear Mr. Beckett : 

EDMUND G. BROWN JR . ,  Governor 

September 6 ,  1 979 

The Nuc lear Fuel Cycl e  Corrmi ttee of the Cal i forn ia  Energy Corrrni ss i on i s  
pleased to submi t the attached corrrnents on the Draft Envi ronmental Impact 
Statement on the Waste I sol ati on P i l ot P l ant ( DOE/EIS-0026-D ) . Our 
conments are speci fi c to the DE I S  as sent out for review ; however , because 
the DOE has tentati ve ly  changed the scope of WIPP because of Congress i ona l 
desi res , we have i ncl uded an addendum address i n g  some of the i mpl i cations of 
having an unl i censed TRU waste repos i tory .  

We have been cheered by the i nci teful review of  the federa l  waste manage
ment program in the " Report of the Task  Force for �ucl ear Waste Management" 
and the " Report to the Pres i dent by the I nteragency Review Group on Nuc l ear  
Waste Management" , the " I RG Report" . The W I PP DE I S  i s  out of step wi th i ts 
predecessors . The WI PP DE I S  uses the I RG Report to provi de a set of 11 pro
granmatfc objecti ves"  by wh i ch to rank  a l ternati ves , but i t  fa i l s  to fu l 
fi l l  the promise of the I RG that TRU waste management strategies  wou l d  be 
thoroughly eval uated i n  subsequent documents . Instead the WI PP DE I S  uses 
tentati ve pol i cy objecti ves as though they were fi rm pol i cy based on a l ter
nati ves analyses . Such an approach not on ly  compri ses the fa i th that the 
publ ic  has placed in the DOE , but f t  a l so viol ates the proper order of form
ul ating progranmatf c objectives subsequent to envi ronmental cons i derati ons . 

The major faul t of the WI PP DE I S  i s  fundamental : i t  i s  not an envi ronmenta l 
inpact assessment at al l .  Instead of eva l uati ng alternatives , i ncluding  no 
action , on the basis of envi ronmental cri teri a as requi red under the National 
Envi ronmental Pol i cy Act of 1969 , the no action a l ternati ve i s  rejected as 
being unacceptab le  in the l ong  term , and the rema i n i n g  a l ternati ves are 
ranked on the bas i s  of tentati ve progranmati c rather than envi ronmental cri 
teria because al l egedly "there i s  no c l ear envi ronmental bas i s  for choos i ng 
among the rema i n i ng a l ternati ves . "  
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Mr . Eugene Beckett 
Page 2 
September 6 ,  1 979 

Envi ronmental bases for ran king  have been compromi sed in part by propos i ng 
a sel ected su ite of a l ternati ves . We propose the a l ternati ve of an exten
s i ve research and deve l opment program at WIPP wi thout the premature di sposa l 
opti ons . Thi s  a l ternat i ve has l ower short term and l ong  tenn adverse im
pacts than the ranked al ternati ves i n  the WI PP  DE I S .  

Because the WI PP DE I S  c l early fa i l s  to ful fi l l  NEPA requi rements , I recom
mend that i t  be wi thdrawn unti l the maturi ty of the sc i enti fi c bas i s  for 
the geo l og i c  di sposal  concept i s  s uffi ci ent to j usti fy the i ssuance of a 
consi derably restructured DE I S .  �. l y ,  I I � l/"""'� - c..-

E .  VA;.f. ! I I  
Conmi ss ioner 
Pres i d i ng Member , Nucl ear Fuel 

Cycl e Conmi ttee 
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Department of Local Affairs 
Colorado Division of Planning 

September 4 ,  1979  

Mr . Eugene F.  Beckett 
WIPP Proj ect Leader 

Philip H. Schmuck, Director 

Office of Nuclear Waste Management 
Department of Energy 
Washington , D . C .  20545 

SUBJECT : Draft Enviromnental Impact S tatement 
Was te Isolation Pilot Plant 

Dear Mr . Beckett : 

f)' �'f6 
Richard D. Lamm , Governor  

The Colorado Clearinghouse has received the above-referenced Draf t Environ
mental Impac t  Statement and has distributed it to interes ted state agencies . 
Comments received from the S tate Highway Department and the Office of Energy 
Cons ervation are enclosed for your information . 

Thank you for the opportunity to review this matter . 

SE/MK/vt 
Enclosures 

cc : Office of the Governor 
Department of Highways 
Office o f  Energy Conservation 

P-119 

Sincerely , 

�li<K_ 
Stephen 0 .  Ellis 
Chief P lanner 

520 State Centenni al Bu i l d ing, 1 3 1 3  Sherman Street, Denver, Colorado 80203 (303) 892-235 



STATE OF DELAWARE 
EXECUTIVE DEPARTMENT 

OFFICE OF MANAG E M E NT, BU DG ET, AND PLANNING 
OFFICE OF THE 

DIRECTOR 

June 5 ,  1 979 

Mr . E ugene Beckett 
W I P P  Proj ect Offi ce 
Ma i l  Stop B- l 07 
De pa rtme n t  of Ene rgy 
Was h i ngton , D . C .  20545 

Dear Mr . Bec kett : 

0oVER, DELAWARE 1 990 1  

RE : DRAFT E I S , DOE/E I S- 0026- D ,  WASTE I SOLAT I ON P I LOT PLANT 

PHONE: (302) 678 · 427 1 

The Offi ce of Manageme n t , Budget and P l ann i ng , i n  i ts fun c t i on a s  the 
State C l eari nghouse , has rev i ewed the s u bj ect E I S  and has no co!TD'ne n ts 
to offer at th i s  t i me .  

S i ncere l y , 

� ��� 
Nathan Ha,Y\'1ard I I I  
D i rector 

f b 
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R.G.WNttle,Jr • 

STATE OF FLORIDA 

l)epartmmt of abmini!tratfon 
Division of State Planning 

Room 530 Carlton Building 
TALLAHASSEE 

32304 . 

Bob Graham 
OOWlllNOll 

.., .. fl 1._.NG Diii C"* (904) 488· 2401 MCAITAln' � AC)MINC 
Jim Tait 

Mr .  Eugene Beckett 
WIPP Proj ect Office 
Mai l Stop B - 1 07 
Department of Energy 
Washington , D . C .  

Dear Mr .  Beckett : 

May 30 , 1979 

Functioning as the state planning and development clearinghouse 
comtemplated in U . S . Offi ce of Management and Budget Circular A-95 , 
we have reviewed the following draft environmental imp act statement : 
Waste I s o l ation Pi lot Plant , SAI 79-2123E . 

During our review we referred the environmental impact statement 
to the fol lowing agencies , which we identified as interest e d :  
Department of Environmental Regulation ,  Department o f  Health and 
Rehabilitative Servi ces , Department of Natural Resources . Bureau o f  
Land an d  Water Management , and the State Energy Office . 

Agencies were requested to review the statement and comment on 
possible effects that actions contempl ated could have on matters of their 
concern . As of this date the reviewing agencies have not submitted any 
comments regarding this proj ect . I f  letters o f  review and comment are 
received by this clearinghouse we shall forward them immediat e ly .  

In accordance with the Council on Environmental Quality cuidel ines 
concerning statement on proposed federal actions affecting the environment , 
as required by the National Environmental Pol i cy Act of 1969 , and U . S .  Offi ce 
of Management and Budget Circular A-95 , this letter. with attachments , should 
be appended to the final environment al impact statement on this proj ect . 
Col!lllents regarding this statement and proj ect contained herein or attached 
hereto should be addressed in the statement . 

We request that you forward us copies of the final environmental impact 
statement prepared on this proj ect . 

Sincere ly , 

P-121 
/;?;:57�, .( 
R .  G .  Whittle, Jr . ,  Direct� • 
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·TWIN TOWERS OFFICE BUILDING 
800 llLAIR ITONE ROAD 
TALLAHAlllE, 'LORIDA IZIOt 

STATE OF FLORIDA 

PEPARTMENT OF ENVIRONMENTAL REGULATION 

Mr .  Eugene Beckett 
WIPP Proj ect Office 
Mai l  Stop B- 10 7 
Department of Energy 
Washington D . C .  2 0 5 4 5  

Dear Mr .  Beckett : 

July 2 7 , 1 9 7 9  

BOB GRAHAM 
GOVERNOR 

JACOB D. VARN 
SECRETARY 

Please consider this pub lic document . As a systems analyst , 

it expresses a number of my own concerns regarding the WIPP pro

j ect . 

JSS/j s 

Enc losure 

TT� 
J .  s .  Sherman 

original lyped on 100% recycled paper 
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.... .. Fief• 
For A-tint To Oi1erict OH-.. AM/Of To Oii* ,,_ TM .......... ._ • 

DEPARTMENT OF ENVIRONMENTAL REGULATION To: -------- Loctn. : -----

I N T E R O F F IC E  M E M O R A N D U M  
To: Loctn.; ----- • 

To; LOCUI.; ----- 1 
·- · . -:.:--;.;.:--:;:·::..;·-================= from: 0..: 

TO : 

FROM : 

DATE : 

John Out land , Intergovernmental Programs Review Section 

Don Ke l l , Bureau o f  Permi tt ing JJ/ 
J une 2 1 ,  1 9 7 9  

SUBJECT : Dra f t  E I S , Was te I solation Pi lot P l ant (WIPP ) , 
Append ices , and Attachments , DOE 

I have rev iewed sub j ect documents and am concerned about the 
fo l lowing i ni t i al s t atement s : 

•Th i s  • • •  ( E I S )  has been prepared • • •  to assess the environ
menta l impacts of cons tructing and operatinq • • • (WIPP ) . •  
• The d ra f t  E I S  i s  i ntended to serve as environmenta l imput 
( s i c )  into f uture dec i s i ons • • •  • 

• Analyses show that there are ( s i c )  no s i gn i ficant radio
loqical he a l th impacts resul ting from the al�ernatives 
con s i dered , and that the re are no c lear environ111enta l bases 
for choos ing among alternat ives • • •  • 

I be lieve i t  can be shown that sub j ect documents cannot stand as 
a leg i timate statement of the long te rm envi ronmental impacts of 
WIPP . The bulk of th i s  memorandum is devoted to supporting thi s  
view . 

If subject documents cannot s tand as a legitimate WIPP environ
mental impact statement , then they cannot logically serve as 
input for future decis ion mak ing reqarding these impacts . 

I f  DOE ' s  first two statements are false , then the third , that 
WIPP would pre sent no s i gni f i cant radiological health i11Pacts , 
would be meaning less at best . 

I f  a l l  three statement s are fa lse , then an extreme pos itive bias 
toward waste isolation and burial would be demonstrated on the 
part o f  DOE . 

cons ider the fol lowing s amp le of quotations taken from subj e ct 
documents whi ch i l lustrate the breath o f  DOE ' •  apparent bias ; 

Hl · Rev 1111 
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John Out l a n d  Memo 
J une 2 1  , 1 9 7 9 
Page Two 

" Southe as t e r n  New Me x i co i s  a r i d  . . .  The s i t e  ( F i gure 7- 1 )  
i s  monotonous i n  a s µ e c t  and cov e r e d  w i t h  de s e r t  veget at i on . . .  
Ranch bu i l d i n g s  a rc m � n y  mi l e s  a p a r t  . . .  one sees an occas ional 
w i ndmi l l ,  . . .  d r i l l i ng r i g , or g r a s s hopp e r  pump . " 

Even i ce a g e s  t a k e  p l ac �  w i th i n  1 0 %  of the t i me requi red for s ome 
o f  the was t e s t h a t wou l d  be a s s o c i ated w i t h  W I P P  to decay . Popu
l a t i ons come and g o  f o l l ow i ng c l i ma t i c  ch ange s . En t i re civi l i 
z a t i ons l a s t  but 4 0  - S O  g e n e r a t i ons , wh i l e the s e  wastes wou l d  
s t i l l  b e  h a z a rdous a f t e r  5 0 , 0 0 0  g e n e r a t i on s . Except f o r  inunediate 
impacts c once rn i ng c on s t r uct i on a n d  s o c i oe conom i c i nterac t i ons 
( on the order o f  0 . 0 1 %  o f  to t a l  W I P P  rad i at ion- i mpact time ) , these 

s t a teme n t s  appe a r  to ue e n t i re l y i r re leva n t , and furthe r demon
s t r ate a pos i t i ve b i a s  on the p a r t  o f  DOE toward waste buri a l  in 
repos i t or i e s . 

" . . .  ( W I P P ) i s  p a r t  o f  the nat i on a l  pro g r am for the permanent 
d i s p os a l  of r a d i o ac t i ve w a s t e . It s tems from two decades o f  
ana ly t i c a l , l abora tory , a nd f i e l d  s t udy . . .  " 

Th i s  s t a t emen t  convey s tbe imp r e s s i o n  o f  s teady , unbroken p r o
g r e s s  a t  f u l l e f f o r t  f o r  � O  y e a r s  in each o f  the waste dis po s a l  
a reas . I n  f ac t , t h a t  2 0  y e ar s  o f  e f fort r e p re s ents a se r ies o f  
re lat i ve ly m i n o r , uncoo r d i n a ted at tempt s  at provi d i n g  a " te chno 

log i c a l  f i x " fo r the n u c l e a r  w a s t e  prob lem , e ach at temp t  meeting 
u l t i mate ly w i t h f a i l u re as the record shows . 

" Th i s  doc ume nt i s  conce rned on ly wi th dec i s i ons conce rni ng 
a t r a n s u ra n i c-wa s t e  d e pos i tory , an intermed i ate-s cale faci l i ty , 
and a s s o c i ated e x µ e r i me n t s . "  

The e nt i re W I PP r e v iew process has be come too h i gh ly f ragmented . 
Look i ng only a t  s ma l l  p i e c e s  of the proj ect convenient ly avoids 
ana ly s i s o f  t h e  pro j e c t ' s  tot a l  imp acts . Be r g s on ' s argument that 
a col lect i on o f  ana tomi ca l parts cannot comp r i s e  a l iving ,  func
tion i n g  huma n b e i ng i s  app l i cab le and p rofound . A des cr ipt i on 
of man t s  s e p a r a t e  compon e n t s  would mi s s  al l the essent i a l  e lements 
of h uman i ty . 

" . . .  e xpe r i me n t s  pe r f o rmed with a l l  types o f  nuclear was te 
w i l l  an swe r t e chn i c a l  que s t ions about the dis pos al of  waste , 
in cl ud i ng H LW , i n  s a l t  . . .  thus g a i ni ng further experie nce i n  
de s i gning repos i t o r i e s . " 

Th i s  s t a tement con t r ad i c ts the o r i g i n a l  j us t i f i cat i on for uti l i z i ng 
buri a l  faci l i t i e s , wh i ch c l a ime d  that the needed " technology al
re ady e x i s t s " .  T h e  c l ause , t o  " bu i l d  a base o f  empi racle data , " 
i mp l ie s  t h a t  e ve n  the b a s i c  i n f o rmat i o n  upon wh i ch tentat ive 
repos i t o ry de s i gns would be b a s e d  does not ex i s t ,  a fact abundantly 
re f lected in o t h e r  DOE doc ument s .  

P-124 



John Out land Memo 
June 2 1 ,  1 9 7 9  
Page Three 

" . . •  the wa s t e Acceptance Crite r i a  Steer ing Conuni ttee ( st i l l  
has not deve loped wor kable c r i te r i a )  • . •  Data for quanti fy ing 
the c r i t e r i a  are be i ng deve loped . . .  The crite r i a  a re con
s tantly evo lv i ng and . . .  re f lect only interim proposals . . .  con
t inually s ub j ect to revi s i on . " 

A c i rcular argument has been deve loped : W I PP cannot be de s igned 
wi thout WACST c r i ter i a , yet these crite r i a  cannot be finali z ed 
unt i l W I P P  is  comp l e ted and put i n to ope rat ion . But W I PP c annot 
legit imate ly be put into operat ion un ti l th i s  data is compi led . 

" • . .  to avoid unnecessary cos ts . . •  " 

Cos t  cannot be an ob j ect concer n i ng resear ch on a f ac i l i ty o f  s uch 
unprecedented import . Already there are in ex i s tence upwards of  
a thous and bi l l i on curies of HLW that wou ld be buried in repos i 
tor ies . T o  s ub j ect re s e arch o n  these mate rials t o  the agencies 
o f  economy and haste wou ld be to foredoom the proj ect to "exped
iencies " voiced by ves t ed i ndus t ri a l , f inanci a l , and pol i tical 
intere s t s . 

· 

" S ixteen people l i ve within 10  mi l e s  o f  the center of the 
proposed s i te ( page 1- 3 )  . • .  Thi rteen people l ive with i n  10 
mi les of  the proposed s i te ( page 7 - 1 )  . "  

Such a g laring contrad i ction o f  even unimportant data be lies DOE ' s  
solemn pre sentat ion o f  " hard s c i enti f i c  fact" . 

" Th i s  i s  a truncated l i s t  o f  the i s otopes present i n  com
mercial h i gh- level was te ( Table E- 4 , Appendices ) • • •  This i s  
a truncated l i s t  o f  the i sotopes present i n  one spent- fuel 
assembly ( Tab le E-5 , Appendi ces ) . " 

Suc h  " truncated l is t s " conveniently e l iminate more than 80\ o f  
a l l  act inides and daughters , and 9 5 \  of  f i s s ion products from the 
h i gh leve l waste s , and more than 7 0 \  of a l l  actinides and daughters , 
and 9 5 \  o f  a l l  f i s s ion products from the spent- fuel as sembly . This 
represents an i ncred ible omi ss i on of  f act , and is further evi dence 
of DOE ' s  b i as toward was te burial in repos i tories . 

" Hams tra ( 1 9 7 5 )  • . .  compared the h a z ards of buried waste to 
those of buried ur ani um  ore and concluded that deeply buried 
h i gh- leve l was te is s afe after about 1 , 000 years of bur i a l  • • .  ; 
Gera ( 1 9 7 5 )  • •  compared the hazard o f  nuc lear waste to the 
hazard of unburied uranium - mi l l  tai lings piles • • •  Gera con
c luded that the waste decays to a s a f e  leve l in 100 � 000  years . " 

As ide f rom the fact that these pos i tively biased guesstimates vary 
f rom e ach other by 2 orders of magnitude i n  time , both convenient ly 
i gnore the fact that the k i nds of mater ials and radiation in nuclear 
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was te s  d � f  fer f undamen t a l l y  f r om those in the o r i g i n a l  Uran i um  
o r e  and t a i l i n g s . Compa r e d  wi th s ome 3 7  n a t u r a l l y  o cc u r r i n g  
s pec i e s  o f  U r a n i um ,  Th o r i um ,  and re s p ec t i ve d a u g h t e r  p roducts i n  
both the ore and t a i l i ng s , s ome 6 8  ac t i n i de s  a nd d a u g h te r s , 3 0 0  
f i s s i on produc t s , a n d  d n  i nde f i n i t e numbe r  o f  n e u t ron a c t i v a t i on 
p rodu c t s  h ave been i den t i f i ed i n  s p e n t  f u e l  and H LW .  The re are , 
wh a t i s mo r e , no P l ut on i um and h i g h e r  t ra n s u r an i d e s  ( s uch a s  Ame r i ci um )  
i n  U r an i um ore o r  mi l l  t a i l i n g s . The b i ochemi c a l  prope r t i e s  o f  
mos t  o f  the s pe c t rum o f  r d d i onucl i de s  i n  s µent f ue l and HLW i s  
unknown . 

" Th e  s i te . . .  i s  n e a r  a d r a i n dge d i v i J e . . .  s e pa r a t i n g  two ma j or 
and a c t i ve l y  deve l op i n g  s o l u t i on - e r os i on f e a t u r e s  . . .  The p r i n 
c i p a l groundw a t e r  aq u i f e r  o f  the reg i on i s  t h e  Cap i t an Forma 
t i on . . •  Groundw a t e r  i n  the Cap i t an . . .  h a s  b e e n  h e avi l y  p umpe d  
f o r  o i l f i e ld f l ood i n g . The se w i thdr aw a l s  h a v e  l owered the 
potent i ome r i e  s ur f ace ( o f  the Cap i t a n ) . . .  " 

Depend ing upon f i n a l  h y d ra u l i c  g r ad i e n t s , con t ami n a ted g r oundw a t e r  
f r om the s i t e  cou l d  move i nt o  the Ca p i t a n  aq u i fer wh i ch c u r r e n t l y  
i s  i n  h e avy u s e . T h e  moveme n t  o f  con tami n a n t s  i n to the Cap i ta n  
mi ght be s low i f ·  the r e l a t i ve ly low t ra n s mi s s i b i l i t i e s  repor t e d  
a r e  t r ue ; howeve r ,  l ater s t a t eme n t s  r e g a r d i n g  " ro ck s  ( th a t  a r e ) 
s trong ly j o i n te d , c a ve rnous , and l o c a l l y  brec c i a te d " •c a s t  doubt 
on the p ump t e s t der i ved t r an s mi s s i b i l i t i e s . F u r t h e rmore , the 
mi l l i on y e a r s  r e q u i r e d  for the decay o f  much o f  the wa s t e  c om
ponen t s  wou l d  p r o v i d e  amp l e  oppor t un i t y  bo th for the t r ansmi s s i on 
o f  con t am i n a t ed wa s t e s  i n to the C ap i t a n , a n d  f o r  ma j or c l imat i c  
and t e c t on i c  e ve n t s  wh i ch mi ght c omp l e te l y  a l te r  the p re s e n t  9eo
hyd r o l ogy o f  the a r e a . 

" De forma t i on re l a te d  to s a l t  f l ow h a s  o c c u rr e d  . • .  accomp an i e d  
b y  a r te s i an b r i ne f l ows . . .  rocks exposed the r e  a r e  s t rong ly 
j oi n te d , cavernous , and b r e cc i a t e d  . . .  The Pecos Va l l ey ( i n 
wh i ch t h e  W I PP s i t e  i s  loca ted ) h as w i de s p r e ad so lut i on
s ub s i d e n c e  f e a tu re s . "  

" The g re a t e s t  d e f o rma t i on i n  the evapo r i t e s equence at . • •  the s i te 
s eems t o  be s p a t i a l ly r e l a t e d  to a s t ru c t u r a l  t rough trending 
northwe s t  - s o u th e a s t  a n d  p a r a l l e l  to the ba s e  o f  the Capi tan 8 
mi l e s  north o f  the s i t e . Th i s  t rough i s  3 to 4 m i l e s  w i de • . .  

The be l t  o f  de format i o n  i nc ludes s al t  f l ow s t ru c t ure • . .  Ander s o n  
( 1 9 7 8 )  h a s  a t t r i b ut ed some l o ca l i z e d  d e p re s s i o n s  w i th i n  t h e  eva� 

pori te un i t s  to " de ep d i s s o l u t i on "  . . .  t h e s e  " deep - s e a t e d  s i nk s " 
may be re l a t e d  t o  o t h e r  co l l ap s e  f e a t ur e s  . . .  a s  d i f fe rent s t a g e s  
o f  a gener a l  eros i o n  . . .  d i s s o l u t i on o f  1 0 0 - 2 0 0  f e e t  o f  s a l t  h a s  
mod i f i e d  t h e  s u r f ace a n d  s ub s ur fa c e  s t r u c t u r e  . . •  I n  the • • .  mi n i ng 
d i s t r i ct . . .  the re h a s  been s ub s i dence d u r i n g  and a f t e r  u nderground 
mi n i n g . '' 
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We l l s  have penetrated ma j o r fau l ts beneath the bur i a l  area . Ma j or 
s t ructura l feature� l i e to the East o f  the s i te a few mi les . The 
o ld Ouac h i t a mounta i n  r .::tnge  and s t ructures l i e  to the Southeas t 
only 1 2 5  mi les . The argument that , because an area has been 
tectoni c a l l y  stab le for m i l l i ons o f  years , that a rea is s u i tab l e  
for waste d i spos a l  ac t i v i t i e s  i s  not a good one . Tecton i c  act i
v i ty may be long ove rdue and migh t erupt at any time th rough 
react i vat ion o f  the o l d  s tructure s . Who wou ld d r i ve across a 
mi l l i on year o l d  b r i d g e ?  That s uch a bridge were s t i l l  s tand i n g  
wou ld be amaz i ng ; it wo uld de f i n i tely n o t  b e  s a fe t o  dr i ve acros s . 

" ( The s i te l ie s  w i th i n  a )  s e i zmi c  zone where the prob ab le 
ma x i mum in tens i ty wou l d  be V I I I  . . .  From Apr i l  1 9 7 4  to October 
1 9 7 7 , 2 9 1  events i de n t i f ied a s  earthquakes were recorded by 
a s t a t i on ( CLN ) 4 mi l e s f rom the c enter of the s i t e  • • .  rock
f a l l s  and gr ound c r ack i ng were reported at an act ive potash 
mi ne ( f ol lowi ng ear thq uake events on July 2 6 , 1 9 7 2  and Nov
ember 2 9 , 1 9 7 4 ) . . . Very l i t t le is known of the e f f e c t s  o f  
earthq uak e s  unde r g round . " 

Even i f  ma j or earthq uake s  o ccur red w i th a frequency o f  on ly one 
pe r 1 , 0 0 0  years , the repo s i tory wou ld s t i l l  be s ub j e ct to 1 , 0 0 0  
ma j or s e i zmi c events b e f ore mos t o f  i t s  waste had decayed to s af e  
leve l s . 

To any c ompetent geo l og i s t ,  the a f orequoted s tatements on earth
quakes and s t ruc ture s wou ld appear omi nous . I t  i s  incredib le that 
the i r  s i g n i f i cance h as been omi t ted or gone complete ly unrecogni zed 
by DOE . The fol l ow i ng s tatements thereby are rendered absurd : 

" Vent i l ated a i r  . . .  w i l l  pas s through a f i ltrat i on system be fore 
re lease to the atmos �here ��h i c�3Iou ld1��t p revent the re
lease of H 3 , cl 4 , Kr 5 ,  1 1 , I , Xe and other gases ) . 
The release wi l l  be conti nuous ly moni tored • • • admini s t rat i ve 
cont ro ls w i l l  be e s tabli shed to p revent deep �r i l l ing , min i ng , 
or other act i v i t i e s  . . .  fences and other security measures ( l i ke 
s e a led doors and pe r iodi c ins pection) wi l l  be needed to pre-
vent pub l i c acces s . "  

To speak o f  admi n i s trat i ve contro l s , moni tori ng , f i ltration sys tems , 
and fenc e s  that wou ld need to be mai n t a i ned for several mil lion 
years i s  abs urd . Even i f  man and organi zed society stil l exi s ted , 
and thes e  s topg aps could be so ma i ntai ned , the s pectacular cos ts 
as soci ated would reduce WIPP ' s  B/C ratio to e s sent i a l ly z ero . 
Such stopg aps , furthe rmore , imp ly the embryogeny of a " garrison 
s tate " so wide ly pred i cted by c r i t i cs . 

Because t r uth regarding the future impacts o f  nuclear waste buxia 1 
i s  ev ident ly unk nowab l e  now , and must rema in unknowable for at 
least a ha l f  mi l l ion years , due to the inf inite number of • i nca l
culab les " that l i e  in the far future , the determination of • t�uth � 
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h u s  � v i den t ly b e � n  de emed n o t  o n l y  unn e c e s s a ry by DOE , but pos i 
t i ve ly und e s i ra b l e . My r e c omme n da t i ons f o l l ow a ccord i ng l y : 

Re g a rd i n g the f i v e ma j o r d oc i s i uns unde r c on s i de ra t i on by DOE 
( page i i i ) : 

" l .  Wl1 e t h� r to p u r s ue t h e  cons t r uc t i on o f  the propo s e d  
. . .  ( W I PP ) , a mi n e d  r e pos i tory f o r  the d i s pos a l  o f  t r a n s u r an i c  

w a s t e s , w i t h  a n  i n i t i a l pe r i od o f  r e t r i e v ab l e  emp l a cemen t . "  

No ; un l e s s  on l y  f or p u r p o s e s  o f  p u r e  r e s e a r ch on a sma l l  s c a l e  
( n o  more t h a n  1 0 0  s p e n t  f u e l  a s s emb l i e s , a corres pond i n g  amount 

o f  H LW ,  and pos i t i ve p r oh i b i t i ons aga i n s t  u s e  o f  the f ac i l i ty for 
d i s pos a l  f o r  1 0 0  years o r  more ) . *  Ac cord i ng l y  there cou l d  b e  no 
p l ans f o r  r e t r i ev ab i l i t y of was t e s  o t h e r  t h an those was t e s  w h i ch 
h a d  been us ed f o r  p u r e  r e s e a r ch . Re t r i e v ab i l i ty wou l d  h ave the 
e f f e c t  o f  j eo p a rd i z i ng the i n t e gr i ty o f  any repos i t o ry d e s i gn . 
I f  w a s t e s  are p e r c i e ved a s  h a v i n g  v a l ue , t h e n  they are obv i o u s l y  
n o t  was t e s , a n d  s h o u l d  be s to r e d  a t  t h e  r e a c t or s i t e . 

" 2 . Whe t h e r  the W I P P  s h o u l d  i n c l ude an i n t e rmed i a t e- s c a l e  
f a c i l i ty i n  wh ich up t o  1 , 0 0 0  a s s emb l i e s  o f  spent f ue l  f rom 
comme rc i a l  e le c t r i c i t y - g e n e r a t i n g  r e a ct o r s  wou�d be d i s po s e d  
o f , w i t h an i n i t i a l  p e r i od o f  re t r i evab l e  emp l acemen t . " 

No ; c ove red unde r 1 .  above . 

" 3 .  Whet h e r  the W I PP s h o u l d  i n c l ud e  a r e s e ar ch - and-deve l op
men t  f ac i l i ty in wh i ch e x p e r imen t s  with a l l  t y p e s  of nuc l e a r  
w a s t e , i n c l ud i ng h i gh l e ve l  w a s t e , c a n  be p e r f o rmed . "  

On l y  und e r  cond i t ions de s c r i b e d  for 1 .  above . 

" 4 .  Wha t  the t i m i n g  and l o c a t i on o f  the W I P P  s hou l d  b e . "  

1 9 9 0  - 2 0 9 0 , under cond i t i ons d e s c r i b ed for 1 .  above . 

" 5 .  Whe t h e r  t o  c omm i t l an d  now f or a poten t i a l  repos i tory 
s i te in Eddy Coun t y , N ew Mex i co " . 

No ; t h i s  wou l d  be p rema t ure . Any s uch commi t tment s ho u l d  be p r e �  
d i c at e d  upon 1 0 0  y e a r s  o f  pure r e s e ar ch a s  i n  1 .  above . New Mex i c o  
was p i cked p a r t ly b e c a u s e  i t  i s  n o t  po l i t i ca l ly s t rong . Repeated 
s urvey s  h ave r e ve a l e d  t h a t  t he New Me x i c a n  p e op le are overwhe lming ly 
aga i n s t s uch a c ommi t tme n t . Even DOE ' s  review of l e t t e r s  r e c e i ved 
reve a le d  t h a t  New Me x i c a n  c i t i z ens we re oppo s e d  2 to 1 .  

Reg ar d i n g  DOE ' s  a c t ions and i n te n t i on s  t o  d a t e , t h e  f o l low i n g  words 
by W . H .  Auden seem p a r t i c u l a r ly a p t : 
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" Oh dear wh i te ct ,  i ldren casua l as b i rds , 
p ld y i ng among t he rui ned languages ,  

s o  s ma l l be s ide t he i r  large con fus i ng word s , 
so gay ag� i n s t  the greater s i lences ; 

Of dread f u l  t h i nq s  you d i d , oh hang the head 
impe t uous ch i l d w i th the tremendo us brain . 

Oh weep ch i l d , Ol i 
wee p  away the L ta i n  . . .  " 

* DOE should be g i ven amp le oppor tuni ty to demons t rate i t s  con
t inued f a i th in the pl· r fectab i l i ty of s c i ence and technology in 
the future . Exper imen t a l  f ac i l i tie s , con s tructed with proh i b i tions 
aga i n s t  fut ure uses , should be des igned , bui lt , and adequate ly 
tested by exhaus t i ve means . I f ,  eventual ly , such expe rimental 
deve lopment re s u lts i n  a prototype repos i tory uni t  s ui table for 
actual use , that uni t  should be mothbal led for at leas t 1 0 0  years 
wh i le second , th i r d , and even fourth generat ion uni ts are developed . 
I f  these later un i ts cou ld be deve loped , then e ar lier units would , 
by de f in i t ion , be i n fc· r i or , and thereby unsui table f or use i n  a 
proj ect o f  s uch impor t that any impe rfecti on whatsoever could be 
of inc a l c u lab le impac t . 

In the meantime , above ground , p l ant- s ite dispos i t ion of wastes 
cou ld provide for adeq uate s torage , access , retrievabi l i ty , and 
moni tor i ng , as we l l  as for de creased transportation hazards , a 
re a l i s t i c  pub l i c  v i s ion of  the magn i tude of the was te s torage 
prob lem , and the e l imi nation of the current propensity toward 
" exped i t ious " buri a l  o f  wastes in an out of s i ght , out of mind 
fashion . Shou ld s o lar d i s posal prove feasible dur ing the t ime 
of advanced repo s i tory deve lopment ,  or shou ld was te generation 
for one reason or another be te rminated , then solar di spos al 
shou ld be seri ous ly cons i dere d ,  as should those other alternat ives 
of promis e  being s i mu ltaneou s ly exp lored . 

Above ground containment o f  spent fuel for a hundred years or more 
would provide a more nearly s uf f i cient t ime period for therm� l 
coo ling of  those wastes . Such a period would minimi ze thermal 
geo log i c  d i s turbances and consequent damages to any repository 
that might c ome to be emp loyed , thus minimi z ing the l ikel ihood 
o f  j eopard i z ing that repos i tory ' s  containment integrity in a 
fashion that could not provide for s afe , permanent isolAtion of 
materi als wh i ch , by the year 2 0 0 0 , could provide enough radi Ation 
to k i l l  or deform every pe rson on earth 1000 times . 

DK/ j s  
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@ffirt of Jlanning anh �uhgt± 
�xKutiUe t!Jepat"huent 

Gark T. Stt:ven• 
Director 

G E 0 R G I A S T A T E C L E A R I N G H 0 U S E M E M 0 R A N D U M 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TO : Mr . Eugene Beckett, 

FRC»t: 

DATE : 

WI PP Proj ect Office , Mai l Stop B107 
Department of Energy 
Washington, D . C .  20545 

-�. Badger ,  Admini strator 
Georgia State C l earinghouse 
Offi ce of P lanning and Budget 

September 1 7 ,  1979 

SUBJECT : RESULTS OF STATE- LEVEL REVIEW 

Applicant : 

Proj ect : 

Energy , U .  S .  Department 

Draft EIS DOE/E IS - 0026-D 
Was te I solation Pi lot Plant 

State C l earinghouse Contro l Number : 79- 05- 1 4- 1 0  

The State- l evel review o f  the above-referenced document has been comp l eted . As a resul t o f  
the environmental review proce s s , the activity thi s document was prepared for has been found 
to be cons i stent with tho s e  S tate social , economic , physical goal s ,  po l icies , plans,  and 
programs with which the State i s  concerned . 

The fol lowing State agencies have been offered the opportuni ty to review and cODDDent on 
this proj ect : Department of Natural Res ources 

Office of Planning & Budget , Executiv� Dept . 

cc : Barbara Hogan, DNR 

Enc losure : CoDDDents prepared by Department of Natural Resources , dated Sept � 1 0 ,  1979 

CHB : i f 

270 ;Dlaa}rington $1., �- lft_ • J\ttmrta, "-rsia 303H 
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!liparimcnt of �atural �&ource• 
170 WAeHINGTON 91'., e.w. 

ATLANTA. OICNtO&A HSN 
C.O.• en.alOO 

Septellber 10, 1979 

M E M O R A N D U M  

'l'O :  

nOK: 

ISSUE: 

COHKENTS 

Chuck Badger , AtlaiDutrator 
State Claar1A� 

Barbara A .  Hopn, Co�rdiDator l.t.�{t'; 
Coapreheuive Review V' 

Completion of Depart•nt of Katural leaourc•• laYiev of 
State Claar1A...,_... Control Humber 79-QS-14-10 

APPLICAlW :  U. S. Dept .  of Inergy 

PROJECT : Draft Ill - V..te Iaolatio� Pilot Plat 

RDERAL AGENCY : DOI 

lecauae of tbe location of thi• project and conetraillta on a taff t1-1 the 
Departllel\t of latural laaourc .. doe• not bave aay c011meDt• to of fer on tbi• 
project at thu time. 

IAll/pa : lb 

cc :  JS. Beuoa 
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Mr .  Eugene Beckett 
WIPP Pro j e c t  Of fice 
Mail Stop B- 1 0 7  
Department o f  Energy 
Was hing ton ,  D . C .  2 0545 

Dear Mr .  Becke t t : 

STATE OP' ILUNOIS 
EXECVTIVE oma: OF 'l'BE GOVERNOR 
BUREAU OF THE BUDGET 

•PRINCIPICl..D U708 

June 2 2 ,  1 97 9  

RE :  DEI S : Wa s t e  Isolat ion Pilot P lant , DOE/EIS-0026-D 
SAI 117 9  05 09 6 0  

The Il l ino is State Clearinghouse ha s r eviewed t h e  r eferenc ed subj ect 
pur suant to the Na tional Environmental Policy Act of 1 9 6 9 ,  OMB Circular A- 9 5 , 
Rev i s ed and the adminis tra t ive pol icy of the State . S ta t e  agenc ies whi ch 
are author ized to deve lop and enfo rc e environmental s tandard s have been given 
the oppo r tunity to comment on thi s subj ec t .  No commen t s  have been received 
on the r ef e renced subj ec t .  

Thank you f or your assis tance . 

TEH/ l i  

P-132 

Resp ectfully your s ,  n 1 \�{sU 
T .  E .  Hornbacker , Dire tor 
Il l ino is S tate Clear inghou s e  



TO: 

FROM: 

STATE BOARD OF HEALTH 
A.a Ecillll Oppomanlt)' Employer 

Mr . Roland J .  Mross  
Federal Aid Director 
Harrison Building 

Attention Indiana State Clearinghouse 

William T. Paynter, M. D. ?/' � 
State Health Commissioner 

INDIANAPOLIS 
� Reply to: IDdiana State loud ot Haith 

1 330 West Michipn Street lndianapolil, lN 46206 

SUBJECT: A-95 Proj ect Review 
State Identification No . \C\ o S o \ o o o o  
P e  .l. s 
�o-�e. � � \o--\, � � \�� �+ G�� 

The Indiana State Board of Health has reviewed the documents fotwarded 
from your office on !t£a \ \ , B:fi, relative to the subj ect proj ect and o ffers 
the comments as checked elow . 

No comments . 
No obj ections to this proposal . However, plans and specifications for 

the indicated (x) health and sanitary features must be submitted for 
review and recomnendations for appropriate approvals prior to con
struction . 

( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

Water production 
Water distribution 
Sewage collection 
Sewage treatment 
Solid waste management 
Fuel combustion and incineration 
Long-term nursing care facilities 
Schools, hospitals , co11111unity health 
Other 

( ) Cannot endorse this proposal for the following reasons : 
tt. r,v tl � n"\7G i t l  1"'1' J .o. I':'! .J 

URl+-Oe4 
1/79 

( ) The community is on the sewer ban list so additional sanitary .. , . . .  
sewer connections are prohibited . 

( ) The proj ect s ite is inadequate for the intended purpose.  
( ) The economic soundness of  the proposal is questioned . 
( ) Other 
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IN DIANA STAT E CL EAR I NGHOUSE 

A·95 R ESPONSE 

TO : Mr .  Eugene Becket t 

Project Description (Nature, Pu rpose, L ocatio n ) :  

Clearinghouse Use Only 
State I dentification No. 

79 0501 0000 

Date R eceived __ 5 1_9_1_7_9 _ 
6 / 9 / 79 

R eview Terminated ___ _ 

Dra f t  Environmen tal Impact Sta temen t (DOE/ EIS-0026-D) Was te I s olat ion P il o t  P lant 
US DOE 

F edera l  Program Title ; Agency and F D A  Cata log N umber. 

Amount of F u nds R equested 

The fo l lowi ng agencies have reviewed the above p roject and make the fol lowing d isposition co ncerning this 
appl ication:  

-

Department of Natural Resources __.J....,o ..... lm...._.._F .... e_in_.g .... o_l_d ____________ _ 

R eview i ng Agency Contact Person 

F A V O RAB LY 
xx 

U N FAVO R A B LY ----

Board o f  Health Jon Sa trom 

R eview i ng Agency Contact Person 

F AVO R A B L Y  
N o  coxmnen ts 

U N F AVO R A B LY ----

W ITH CO M M E NTS 

W I T H  COM M E NTS 

Energy Group Clarence B roadus 

R eviewi ng Agency Contact Person 
No coxmnen t .  

FAVO R A B LY U N FAVO R A B LY ---- WITH COM M E NTS 

The A·95 response, a long with any reviewing agency comments is to be attached to your forma l app l ication 
being submitted to the appropriate F ederal Agency. These comments wi l l  be kept on f i le  in the State Clearing-
house for one year. 

· 

Jooe 18 1 9  79 
D ate 
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S T A T E  O F  K A N S A S  

:lJepa1·fmenl o/ • _A.J,nini�b·alion 
DIVISION OF STATE PLANNING AND RESEARCH 

Yeh Floor-Mill� Building 

Dr . Colin A .  Heath 
Division of Waste Isolation 
Mail S top B-1 07 
U . S .  Depar tment of Energy 
Washington , D . C .  20545 

109 W. �h 
Topeka, Kan5as 666 l l  

May 30, 1979 

Re : U . S .  Dep t .  of Energy 
Draft Environmental Impac t S tatement 
Waste Isolation P·ilot Plant 
#DEIS /DOE - 7208 

The referenced p roj ect has been pro cessed by the Division o f  S t a t e  Planning 
and Research under i t s  clearinghouse responsibilities described in Circul ar 
A-95 . 

After review by interested s tate agenc i es , i t  has been found that the pro
posed proj ect does not adversely a f fect s tate plans . Enclosed a r e  commen t s  
concerning this proj e c t  for your informat ion and re ferral . We d o  ask tha t  
you submit�2�copies o f  your final grant applicat ion for our f i les at the 
t ime you submit your applicat ion to the funding agency . P l ea s e  be sure t o  
include our S t a t e  App l icat ion Identi fier (SA!) number o n  t h e  application 
and any future correspondence . 

· pvn : j c  

cc : 
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C. Frank Herscher, Ill 
Secretary 

COMMONWEAL TH OF KENTUCKY 
DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION 

OFFICE OF THE SECRETARY 

OFFICE OF POLICY AND PROGRAM ANALYSIS 

Mr. Eugene Be c kett 
W . I . P . P .  Pro j e c t  O ffi ce 
Mai l S to p B- 1 0 7 
De partmen t o f  En e rgy 
W as h i n g ton , D .  C .  20545 

CAPITAL PLAZA TOWER 
FRANKFORT, KENTUCKY 40601 

PHONE 15021 564-7320 

October 2 ,  1 9  79 

RE : Draft En vi ronmen tal I mpact S tatemen t on Was te I s o l ati on 
Pi l ot P l an t  

Dea r  Mr. Be ckett : 

Th e Draft En vi ro nmen tal Imp a c t  S tatement p repared on the p ro 
posed Eddy County ,  N e w  Me xi co , W as te I s o l ati on Pi l o t P l an t  h as 
been c i rcu l ate d to se l e cted Ken t u c ky En v i ronmen t a l  Re v i ew Age n c i es 
for th e i r corrmen ts . No commen ts have been retu rn ed by them . We 
wo uJ.d l i ke _ _!9 _ _  re v i ew the fi n a l  report when i t  becomes avai l abl e .  

S i n ce re l y ,  

�� �d.Jb 
Boyce R. We 1 1  s 
En v i ronmen tal Re v i ew Coo rdi nato r 

B RW : b s c  
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• 
Harry Hughes 

eGY&ltNOR 

Mr . Eugene Becke t t  
WIPP Proj ect Office 
Mai l Stop B- 107 

M A R Y L A N D  

D E P A R T M E N T  O F  S T A T E  P L A N N I N G  

SO I WEST PR ESTON STREET 
BALT I MORE, M A R YLAND 2 1 2 0 1  

TltLltL"HO N lt :  J D t  ·JIJ·l • l l  

June 25 , 1979 

Dept . of Energy 
Washington , D .  c .  20545 

SUBJECT : ENVlRONMBNTAL : :r.Ki'.tRI' 5..l'ATRMENX : ( E IS ) REVIEW 

Applicant : U .  s .  Departmen t of Energy 

Constance Liede r 

Project : Draft EIS - Nuclear Was te Is olation Pi lot Plant 
( DOE # EIS- 0026-D ) 

S tate Clearinghouse Control Number : 79-5- 1 203 

S tate Clearinghous e Contact : James w .  McConnaughhay ( 383-246 7 )  

Dear. Mr . Becket t :  

The S t ate Clearinghouse has reviewed the above S tatement . In accordance wi th 
the procedures established by the Office of Management and Budget Circular A-9 5 , 
the State Clearinghouse received collUTlents from the fol lowing t 

Qepartment of Natural Resources , Departmen t of Economic and Community Developmen t ,: 
including their His torical Trus t section , Department of Transportation , Depart
ment of Agricul ture# and our s t aff noted that the Statement appears to adequate ly 
cover those areas of interest to their agencies . 

Environmen tal Health Administ ration provided comments ( copy at tached ) indicating 
that continued indecision on the part of the national leadership reg�ding a 
national nuclear spent ful l  was te management policy will probably cause leas 
desirable temporary and local alternatives to be uti lized . 

The S tate Clearinghouse appreciates your agency ' s  at tention to the A-95 review 
process and hopes that t he referenced collUTlent s  wi l l  be useful in your cont inuing 
evaluation of this project • 

.JWM I BG :  rnmk 
cc a Lowe l l  Frederick/ Wm . Wadsworth/ Clyde Pyers/ Max Eisenberg/ Henry Si lbermanr 
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OFFICE OF THE GOVERNOR 
Pla n n i ng & Coor d i n a t ion 

1303 Walter S i l lers B u i l d ing  
JACKSON, M I SSISS IPPI  3920 1 

354-70 18 

F/NC  

CLIFF FINCH 
GOVERNOR STAT E C L EAR I N GHOUSE FOR FED E RAL P ROGRAMS 

GEORGE F. NEWMAN 
OIREC10R 

T O :  Uni ted S t a t es Depar tment o f  Energy STAT E C L E AR I N GHOUSE  NUMBER  
WIPP Proj e c t  O f f i c e  
M i a l  S t op B- 1 0 7  7 9 0 5 1 7 10 
Washington , D . C .  2 0 5 45 

At tn : Mr . Eugene B e cke t t  
DAT E : Septemb er 7 ,  1 9 7 9 

PROJECT DESCR I PT I ON : NATIONWIDE 

Draft Environmental Impac t S t a t ement (DOE / E I S - 0 0 2 6 - D )  Wa s t e  
I s o lat ion P i lot P lant . Vo lume 1 o f  2 .  

T h e  S t a te C l ea r i n g h ou s e , i n  c o o p e r a t i on w i th the s ta te a g e n c i e s i n t e re s t e d  
or p o s s i b l y  a ffe c te d , h a s  compl e t e d  t h e  A - 9 5  re v i ew o f  t h e  p roj e c t  d e s c r i bed 
a bo v e . 

None of t h e  s ta t e  a g e n c i e s i n v o l v e d  i n  the re v i ew h a d  c oli1fTle n t s  o r  rec omme n d a 
ti o n s  t o  offe r a t  th i s  t i me .  T h i s  concl u d e s  t h e  Sta t e  C l e a ri n g h o u s e  rev i ew ,  
a nd we e ncou ra ge a p p ro p r i a te a ct i o n  a s  s oon a s  po s s i bl e .  

A copy o f  th i s  l e t t e r  i s  t o  be a t t a c h e d  to t h e  a p p l i c a t i on a s  e v i d e n c e  o f  
compl i a n ce w i th the A - 9 5  r eq u i reme n t s . 

�' � 
L e s te r  Howel l ,  C o o r�t�r-C l e a r i n g h o u s e  for F e d e r a l  P rog rams 
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OFFICE OF THE GOVERNOR 
Pla n n i ng & Coord ination 

1303 Walter S illers Bui ld ing 
JACKSON, M ISSISSIPPI 3920 1 

354-7018 
CLIFF FINCH 
GOVERNOR STATE CLEAR I NGHOUSE FOR FED E RAL P ROGRAMS 

TO : Uni t e d  S tates Department 
WIPP Porj e c t  O f f i c e  
Mai l  S top B- 10 7 
Washin gton , D . C .  2 0 5 45 

At tn : Mr . Eugene B e ckett 

PROJECT DE SC R I  PT I ON : NATIONWIDE 

o f  Energy STAT E CLEAR I NGHOUSE NUMBER 

79 0 5 1 7 1 1  

DAT E :  S ep temb er 7 , 19 79 

GEORGE F. NEWMAN 
D I R E CTOR 

Draft Environmental Imp act S ta t emen t , Was t e  I s o lat ion P i l o t  P lant . 
DOE / E I S  - 0 0 2 6 - D . Vo lume 2 o f  2 App endices . 

The State C l e a r i n g h o u s e , i n  coopera t i on wi th the s ta te a g e nc i es i n teres ted 
or po s s i b l y  affec ted , h a s  compl e ted the A - 9 5  revi ew o f  the p roj ec t d e s c r i bed 
a bove . 

None of the s ta te a ge n c i e s  i n vol ved i n  the revi ew h a d  comme n t s  o r  rec omme n d a 
tions t o  offer a t  t h i s t i me .  Thi s concl u d es t h e  S ta te C l e a r i n g h o u s e  rev i ew ,  
and we encou ra g e  a p p rop r i a te a c t i o n  a s  soon a s  po s s i bl e .  

A copy o f  t h i s l e tter i s  to be a ttached to the a p pl i c a t i on a s  evi d e n c e  of 
compl i a n c e  w i th the A-95 req u i rements . 

Le� C:!::z! 
Cl e a r i n g h o u s e  for F�e r a l  P rog rams 
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Joseph P. TeascWe 
Governor 

Mr . Eugene Beckett 
W I PP Project Offi ce 
Mai l  Stop B-1 07 
Department of Energy 
Was hi ngton , D . C .  20545 

Dear Mr . Beckett : 

State of Missouri 
O F F ICE OF ADM IN ISTRATION 

P.O. Box 809 
Jefferson City 651 02 

June 26 , 1 979 

William D. Dye, Director 
Division of Budget and Plann i n g  

Subject : 790501 48 (Waste I so l ation P i l ot P lant) 

The Di vi s i on of Budget and P l ann i n g ,  as the des i gnated State Cl earinghouse , 
has coordi nated a revi ew of the above referred draft envi ronmen tal impact 
statement wi th various concerned or affected state agenc ies pursuant to 
Section 1 02 ( 2 ) ( c )  of the National Envi ronmental Pol icy Act . 

Encl osed pl ease fi nd the conments recei ved . None of th e other state agenci es 
invo l ved i n  the revi ew had conmen ts or reconmendati ons to offer at thi s time . 

We apprec iate the opportun i ty to review the statement and anti ci pate rece iv ing 
the final envi ronmental impact statement when prepared . 

�· O� 
Loi s  Poh l <'. m .  

Chi ef , Grants Coordi nation 

LP : cm  

Encl osure 
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JUL 1 2 1979 
' 24 

F,t:C£ 1VEO 
•TATE OP' N EVAO.i. GOVEF!NOR"S OFFICE OF PLANNING COORt;t.:�TIO.N 

CA...,.OL CO•"'LU I .f I •· \. - - I I CARSON CITY. NEVADA 89710 
17021 .. , ...... 

July 5 ,  1 9 7 9  

Dr .  Col i n  A.  He a t h  
D iv i s i on of Wa s t e  I s o l a t i on 
MaH. S t op B-1 0 7  
o . s .  Dept E ner gy 
Was h i ng t on D . C .  2 0 54 5  

RE : SAI NV I 7 9 3 0 0 0 6 7  Pr oj e c t : DOE/E IS 0 0 4 6 -D 
7 9 3 0 0 0 6 8  DOE/EI S  0 0 2 6 -D 

Dear Dr .  Heath : 

A'� 8 33 

At t a ched ar e t h e  commen t s  fr�rn t h e  fol lowing affe cted State 
Ag en c i e s : D i v i s ion of Env ir onme ntal Prote c t ion , and Dept . o f  
Ener g y  concer n i ng the a bove r e fer ence d  proj e cts . 

These comme nts cons t i tu t e  the S t ate C l ear ing hou se r ev i ew o f  
t h i s  pr oposal . P l e a se addr e s s  t h e s e  comme n t s  i n  t h e  f inal 
or s ummary r epor t .  

RMH : md 

·Enc l osur e s  

S i ncer e ly ,  

4c!tt A4/z1._ 
,/'�tie Hol a n  for 

Rober t M .  H i l l  
State Platln i ng Coor d i n a tor 

7-31-i9 - Xerox cy to : 
E. Bardin, AL and 1 cy to R.M. ·Nelson, NV. 
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STATE OP NEW MEXIOO 

BRUCE KING 
� 

'l'be Honorable Charles Duncan 
Secretary of Energy 
U. S .  Department of Energy 
Ma il Stop 8G-031 
Forrestal Build ing 
Washington, D .  c .  20585 

0,.,. I CE 0' THE OOV£11tHOllt 
8.Alfr.A PE 

87503 

September 6 .  1979 

At tention : Mr. Eugene Beckett 
'WIPP Proj ect Leader 

Dear Secretary Duncan : 

I wish to congratulate you on your recent appointment as Secretary of 
Energy . I know your work will be rewarding and the challen ge you have 
accepted will have a t remendous impact on the future of our country .  I 
look forward to working cooperat ively with you and your admin istrat ion to 
meet the energy need s of our Nation . 

As you know , the State o f  New Mexico and the Department o f  Energy (DOE) 
have been working cooperat ively through a process of consultation and 
concurrence to review and evaluate the proposed Waste I solat ion Pilot 
Plant (WIPP) in Southea stern New Mexico . An important s tage in this 
process has been the issuance of a Draft Environmental Impact Statement 
(DEIS) by your Department . Our review of this draft was carried out und er 
the leadership o f  Secretary of Finance and Administration David W .  King 
in conjunction with the Radioact ive Waste Consultation Task Force , and 
includes comments from all relevant Cabinet Departmen t s , the Environmental 
Evaluation Group (EEG) , and the Governor ' s  Advisory Commit t e e  on WIPP . These 
comments are enclosed for your considerat ion . 

We have found three maj or d eficiencies in the DEIS--those portions deal ing 
with transportat ion , emergency preparedness , and socioeconomics . These problem 
areas have been recognized by both federal agencies and Congre ss ional delegates , 
and various e ffort s  have been init iated to remedy them . Of e qual importance 
to the three maj or DEIS deficiencies cited are the heal th and environmental 
con�erns expre ssed by the EEG and the Governor ' s  Advisory Commit t e e  on W'IPP 
which have analyzed the scient ific and technical aspects o f  the DEIS . Their 
ev�luat ions have revealed a number of areas that should be addressed in the 
final EIS or supplemental document s .  
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!be Bonorable Charles Duncan 
September 6 ,  1979 
Page 1Wo 

It :ls my request that the transportation and emergency prepared�ess issues 
bi adequately addressed through the preparation of aupplementa to the DEIS 
llDd that these aupplements be reviewed by New Mexico prior to completion of 
the final EIS and prior to the initiation of Title II activities . We con-
a!der it important that progress on the project itself ahould be synchronized 
vith progress in the area of transportation , aince the success of the proj ect 
will depend on the resolution of a number of important technical and institutional 
issues pertaining to transportation . 

The aocioeconomic issue , currently being atudied by the State of New Mexico 
under a grant from the DOE , must also be thoroughly evaluated as to its ultimate 
impact on the S tate . Because the atudy completion date and the f inal EIS date 
are not the same , the S tate and the DOE need to jointly define how the socio
economic study resul t s  can be fully incorporated through the consultation and 
concurrence proces s .  A similar definition needs t o  be determined with respect 
to the technical and sc ientific issues raised by the EEG .  These issues should 
be addressed in the context of the current negotiation with the State on con
sultation and concurrence . 

In the event that the DOE is unable to issue supplements on the inadequate 
portions of the DEIS for timely review prior to the publication of the final 
EIS , then I must declare the entire DEIS inadequate . It is my hope that supple
mental studies can be prepared and the weaker sections of the DEIS can be 
brought up to standard in time to be incorporated in the final EIS .  

Since the issuance of the DEIS in April , there have been important changes in 
the mission of the WIPP proj ect . When the State initiated the DEIS reviews , it 
was anticipated that commercial spent fuel would be included in the scope of the 
project . Commercial waste has now been eliminated , and the proj ect has reverted 
to a facility for the permanent disposal of defense transuranic wastes and for 
research and development on high-level waste . This raises the question of 
whether the DEIS in its present form is an adequate representation of the proposed 
scope of the proj ect . Under the circumstances ,  I would request that references 
to commercial waste be removed prior to the publication of the f inal EIS . 

With this change of mission , it also appears that the sense of nat ional urgency 
associated with a spent fuel disposal capability has been removed from the proj ect . 
Ve understand from hearings before the Bouse Oversight and Invest igations Sub
committee and other federal sources that there is no immed iate hazardous con
dition existing at current transuranic waste storage sites , and that we have 
ga_lned sufficient time to adequately evaluate all aspects of the Wlf P as well as 
other alternat ive d isposal site s .  In this connection , it is important that the 
ffilal EIS should spec ifically identify the intended scope of the proj ec t ,  in-
cluding estimates of the amounts and types of radioact ive mater·ial to be permanently . 
or temporarily located in the repository. We expect to participate in the 
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'l'he Honorable Charles l>uncan 
September 6 ,  1979 
l'age 3 

determination of the final acope of the project with the DOE through the 
cbnsultation and concurrence process which is now being defined . 

Because of the complexity of the WIPP , it is necessary that the final EIS 
address and respond to all issues identified in the review proce s s .  State 
agencies identified many potential costs in reviewing the effects of this 
project on their operations . These costs must be further explained and 
quantified in the final statement . Of great importance among these costs 
is the liability resulting from loss  of life or property related to a proj ect 
accident or nuclear waste transportation accident . We believe that this issue 
should be comprehensively addressed in the final EIS , including an evaluation 
of the adequacy of the Price-Anderson Act and the extent of federal and state 
liability. 

Ve have stated on many occasions that the WIPP should be licensed by the 
Nuclear Regulatory Commission . The licensing process will help ensure that 
the health and safety of New Mexicans will not be compromised . The process 
of consultation and concurrence will also help to meet our concern for health 
and safety by providing for active State participation in decision making on 
the WIPP. The EIS process is an integral part of consultation and concurrence , 
but it 1r1Ust be appreciated that any approval given to the final EIS will not 
represent the State ' s  final concurrence on the WIPP proj ect . 

To assure continued positive communication and coordination , the flow of in
formation and documentation must be further improved . In addition to the EEG , 
the State' s  Radioactive Waste Consultation Task Force and the A-95 Clearinghouse 
should receive pertinent documentation and notification of all meetings or 
hearings. Financing should continue to be provided to enable the State to 
carry out its own independent evaluation of the project . 

Ve further suggest that a summary of the main conclusions of the f inal EIS 
should be provided in both English and Spanish languages . Consideration should 
also be given to translation into appropriate Indian languages for those tribes 
likely to be impacted by the WIPP . 

'l'he attached review provide details of the State ' s  DEIS review. We sincerely 
hope that our cot11D1ents aid you in the evaluation of such a complex proj ect and 
ve stand ready to assis t  you in whatever way we can . 

Sincerely, . 

/J�;t'� 
BRUCE JaRG 
Governor 

Attachment 
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laronna1ion: 50S11JS-�20 
Mlica1ian1: 50,JIJS-� 10 

New Mexico Bureau of Mines & Mineral Resources 
Socorro. NM 87801 

A DIVISION OF 
NEW MEXICO INSTITUTE OF MINING A: TECHNOLOGY 

September 5 ,  1979 

Mr. Dennis Rivera 
State Planning Division 
527. Don Gaspar santa Fe , NM 87503 

Dear Mr • .  Rivera a 

0'1r economic geologists , petroleum geologists , hydroqeologist , 
environmental geologist.. chemist ; mining engineer , petrologist , 
mineralogist and mining geologist reviewed the draft EIS for 
WIPP, �ril 1979 . We had reviewed in detail a draft of 
Geological Characterization Report Wll'P Site , prepared by Powers 
et al . ,  Sandia Labs ,  1978 .. 

Some aspects of the . detailed geologic controls ,  transportation, 
mining and depositor}' construction , hydrogeology and mineral 
resources development are site specific and reqilire constant 
i.Dvestigation as work proceeds . Minor modifications of development 
plan are needed to adjust to minor variances in these factors . 

'l'he area is tectonically stable , salt solution appears. to be 
relatively slow, and other geologic factors are reasonably 
favorable . Transportation safeguards appear adequate . Mining 
and construction plan for subsurface and surface facilities ·is 
conservative with safety aspects emphasized . 

Potash reserves probably will be lost; slant drilling may 
recover gas and oil resources . Loss of these mineral resources 
is our major criticism of the site . 

Sincerely yours , 

r---P-� �  1� 
Prank E .  KotUowski 
Director 

FEK/jp 

cc : aiqene Beclcett 
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BRUCE KwG 80VIANOA 

0AVIC w. KtNG llCA(TAR'f 

Mr . Don Schu el er 
Proj ect Manager 
'WIPP Proj ect Of f ic e  

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMJNISTRA TION 
PLANNING DIVISION 

ANrrA H1sENBERG ClllECTOR 

S ept ember 1 1 ,  1 9 7 9  

U . S .  Department o f  Energy 
Albuquerque Operat ions Of f i c e  
Pos t  Of f ic e  Box 54 0 0  
Albuquerque, New Mex ico 8 7 1 1 5  

Dear Mr .  Schuel er : 

505 CON GASPAR AVENUE SANTA FE. NEW MEXICO 87503 
l505l 827-2073 
l505l 827-5 1 9 1  

Enc lo sed f o r  your inf ormat ion i s  a copy o f  t h e  S t a t e  o f  New Mexico ' s  r eview 
of t he Draft Environmental Impact Stat ement (DEI S )  on the Wa s t e  Isolat ion 
Pilot Plant (WIPP ) . This r eview cons titutes the Stat e ' s  o f f ic ial response 
to the Department of Energy on the DEIS of t he propo s ed WIPP proj ec t .  

Th is review is comprised o f  four sect ions b a s ed on reviews comp iled by the 
Stat e Planning Divis ion , the Governor ' s  Adv isory Committee o� WIPP , the 
Univers ity of New Mexi co ' s  Economic Resourc e Group and the Env ironmental 
Evaluat ion Group . The r epor t  cond uct ed by the Environmental Evaluat ion Group 
is not provided in the enc l o s ed do cument . That review will be s ent to you 
or can be acquired by d ir ect r equest to them . 

If you d es ir e  furt her informat ion on this mat t er ,  please contact D enn is Rivera 
in Santa Fe at 8 2 7 -5 1 91 .  

S inc erely, 

a I . � �  
Anita Hisenb erg� 
D irector 

AH : j eh 

Enclo sure 
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.- �, c �  - 11 e q u a l  o p p o r t u n i ty e m p l oye r "  

STATE OF NEW MEXICO 
ENVIRONMENTAL EVALUATION GROUP 

• EN\7\1\0NMENT 
• I 1 • depanment 

320 E. Marcy Street 
P. 0. Box 968 

Santa Fe, N.M. 87503 
1505) 827-5481 

.. ...___ 

S e p t em b e r  7 ,  1 9 7 9  

M r .  D o n  T .  S c h u e l e r  
W I P P P ro j e c t  M a n a g e r  
D e p a rtme n t  o f  E n e r gy  
A l b u q u e rq u e  O p e r a t i o n s  O f f i c e  
P . O .  B o x  5 4 00 
A l b u q u e rq u e , N e w  Me x i c o 8 7 1 1 5  

De a r  M r .  S c h u e l e r :  

E n c l o s e d  yo u w i l l  f i n d  a n  a d v a n c e d  c o py o f  o u r  11 R a d i o l o g i c a l  
H e a l t h Re v i e w o f  t h e  D r a ft E n v i r o n m e n t a l  I m p a c t  S t a t eme n t  
( D O E / E I S - 0 0 2 6 - D )  W a s t e  I s o l a t i o n  P i l o t P l a n t , U .  S .  D e p a r tme n t  
o f  E n e rg y 11 , w h i c h  i s  n ow b e i n g re a d i e d fo r d i s t r i b u t i o n . 
I w a s s u r e  t h a t  y o u  wo u l d  l i k e t o  h a v e a c o py i n  a d v a n c e  
o f  t h e  r e l e a s e  t o  t h e  n e w s  me d i a .  

I a m  e s t i m a t i n g t h a t  t h e  m a i n  d i s t r i b u t i o n o f  t h i s d o c u m e n t  
w i l l  b e g i n  T u e s d a y , S e p t e m b e r  1 1 ,  1 9 7 9 .  T h e  r e l e a s e  t o  t h e  
n e w s  m e d i a w i l l  b e  o n  S e p t em b e r  1 1  o r  1 2 .  

V e ry t r u l y  yo u r s , 

t-�� 
Ro b e rt H .  N e i l l  
D i r e c t o r  

R H N : p t 

E n c l o s u r e : o n e  

Providing an independent analysis for the New Mexico Health and Environment Oepa.rtment 
of the proposed Waste Isolation Pilot Plant CWIPPJ, a federal nuclear waste repository. 
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SOCO RR,0. NEW MEXICO 8 7 80 1  
- - ·  - ·  · - ·  -- . ,... _ __ _  -

TH[  GRADUAT L 01 r i ce (505) 835-5513 

Slay 1 8 ,  1 979 

C.overnor Bruce KinR 
State Capj tol Bui l ding 
Santa Fe , New Mex ico 87503 

Ocar r.overnor King : 

We are writing to report another recent act i on of our AJvi sory Comni ttec:' 
on WI PP. 

The fol lowing statement rcl nt i ve to t-Uncral Resources and the Waste I solat ion 
Pil ot Pl ant has been adopt ell hy lUHm iroous ngrccrrcnt : 

We endorse thC' f i nll ings of the Foster Report to the:' 
extent that mi nC'r< i 1  resources at the \flPP Site repre5en t 
a threat to l ong tC'rm inter.ri ty of a waste rcpos i tory . 
. Judging from thC' NAS cr i t erion* , thi s would be a b�si s  
for quest ion inR t hC' sui tab i l ity of the WJ PP Si te . 

*No area with a prC'sent or past record of resource 
extract ion other than for bul k  material s won bv surface 
quarrying , should be consiJered as a p.eologicai s i te 
for rad ioact i ve wastes . Geological Criteria for 
Rc�s i tories for l l i gh - J .cvC'rlt1Ui onct ivc WastcS,-Comni ttce 
on �i-dioac-t1 vc· WastC-- J.fu1:1r.c·ni'iif,--W£tiOna f Acallcmy o f  
Sc ience , p .  1 3- 1 5 ,  Au�st 3 ,  1 978 . 

A copy of Roy Foster ' s  report cnt itle<l ''t-linera l Resources and the WJ PP Site , "  
i s  attached . I f  there are any quest ions that you o r  �mbers o f  the Task 
f'Orce have concerning this act i on or the report i t sel f pl ease don ' t  hes itate 
to contact Roy or �mhcrs of our Comnittc:-e . )}/ercly, 

( 
) ( /J 

/..'1 ��4t �, t.lil rvin Wi l kcnin g ,  C.1m i  T1n.1n 
Governor ' s  Advisory Corrani t t cc 

on \O PP 

�ft\': ceg 

Attachment 
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A CRIT I CAL REVIEW OF THF. SOCIO-ECONOMIC 
PORT I ONS OF THE DOE ' S  DEI S  CONCERNING 

THE WASTE I SOLATI ON PILOT PROJECT 



STATE OF N EW M EXICO 

D E PARTM E NT Of" .JUSTICE 

JEFF BINGAMAN 
ATTORNEY GENERAL 

P.O. Drawer 1S08 
.iama �e. )l If. . .,,m 

Augu s t  3 0 , 1 9 7 9  

Uni ted States Department o f  Energy 
Washing t on , D . C .  20545 

Re : DOE / E I S - 002 6 -D , Waste I s o lat ion P i l o t  P l ant 
Our Ref . No . 3040 1 - 2 0 1 / 2 0 4 / 206 

Dear DOE : 

As comment s by the At torney General on the above indicated draft 
environmental impact s tatement , which DOE prepared in resp onse t o  
a • reque s t  we made in Apr il , 1 9 7 8 , enc losed please f ind a copy o f  
the t e s t imony given b y  Attorney General Jeff Bingaman on Augu s t  10 , 
1 9 7 9 , to the House Subcommit tee on Overs ight and Inve s t igat ions 
of the Inter ior Committee . Our comments addre s s  the fo l l owing 
legal i s sue s : ( 1 )  the Price Anderson Act (discus sed in the DEI S  
at pp . 14 - 2 , 2nd p aragraph , and 1 4 - 7 , paragraph 3 ) ; and ( 2 )  New 
Mexico ' s  role of " consultat ion and concurrence" with respect t o  
the es t ab l i shment of WIPP . 

Technical comment s  on non- legal i s sue s raised by the DEI S  wi l l  be 
provyed by o ther s tate agencie s .  

Ver/t
i

tru1Yj'1f�s ,  

�-ls:TEVEN ASHER 
A s s i s tan t  Attorney General 
Director , Energy Uni t  
Consumer and Economic Crimes Divis ion 

SA : pgg 
Enc l . 

ccs : Governor Bruce King 
S tate Planning Divis ion 

Attn : Mr . Denni s  Rivera 
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S O U T H E A S T E R N  N E W M E X I C O 
ECONOMIC DEVELOPMENT DISTRICT 

P. 0. BOX 6639 R. I. A. C. ROSWE LL, NEW MEXICO 88201 605- 347-5425 
NICK J. PAPPAS E 1<ecut1v• Director 

September 6 ,  1979 

Mr. Eugene Beckett 
Department of Energy 
WIPP Proj ect Office 
Mai l Stop 8G- 0 3 1  
Washington , D . C .  20585 

RE :  Draft Environmental Impact Statement - Waste Isolation Pi lot 
Plant 

Dear Mr .  Beckett : 

In accordance with OMB Circular A-95 , the Southeastern New; Mexico 
Economic Development District ( SNMEDD) has reviewed the above ref
erenced statement and offer the following camnents : 

1 .  The SNMEDD will defer j udgement on potential environmental 
impacts to the Governor ' s  Special Task force on WIPP which 
has the greatest expertise avai lable for analysis of project 

related environmental concerns . 

2 .  The SNMEDD , which works c losely with communities throughout 

this part of the state , feels that the WIPP project can have 
positive benefits on the Lea and Eddy County economies and 
could also provide much needed diversification of the regions 
economic base . The proj ect must , however ,  be carefully phased 
and properly funded so as not to create negative impacts that 
are typical of rapid growth or " sudden rise" boom town situations . 

3 .  The proposed project will directly benefit low and moderate 

income wage earners , including minorities , as the construction 
work force could approa dl 800 people , many of which will be 
hired locally . 

4 .  The SNMEDD Board has endorsed the WIPP proj ect a s  a disposal 
site for defense generated waste and as a small-scale experi
mental site for diposal of cOD1Dercial waste . The SNMEDD has 
not shown any support for permanent storage of large amounts 
of commercial waste . 

P-151 



-2-

The project obviously represents a decision of enormous regional 
and statewide impact. This office will not pretend to speak for 
anyone other than an association of local governments , who had 
qiven preliminary endorsement to a concept that has been revised 
and amended substantially over the past five years . Please do not 
hesitate to contact this office if we can be of further assistance . 

ILB/dlq 

cc :  Dennis Rivera - SPO 

Sincerely , 

Nick J .  Pappas 
Executive Director 

. Ivan L .  Ball 
Chief Planner 
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OIRECTOP.. 
��N-La&tdke. 
Howard A. McGee 
VICE-CHAI AMAN· 
P.oy 'tlood 

SECAETAIW· 
Chorl.s Ingram 

YATES COUNTY PLANNING BOARD 
County Building Annex 

4J 1 Liberty Street 
Penn Yon. New York 1 4527 

Phone (J 1 5) 5J6-25J 1 

Auguiit 2 ,  1 979  

Wa.6.te. I.6 olatlo n P il.o.t P l.a.n.t PM j e.c.:t 0 6 &ice. 
Depa!L:bne.nt 06 Ene1r.gy 
MS B- 1 07 
W46klngton, D. C. 20545 
DeaJt. Si.Jr. : 

AA a c.ou.nty .i.de.n:tl&le.d 60Jr. nucleaJt. !(WU d<Apoi,al. wlthUt the. Sail..na. Salt Beu.in, 
.theJLe. .i..J, pa!Lti..cultvr. .lnte.Jr.e..6.t among cltlze.n.6 and public. oJr.ga.nlza.tlont, .to monltoJL the. 
ongo.ing JLU eaJLC.h and de.ve.l.opme.nt, and a.n.y pJt.Opoi,e.d plivu de.allng w.l:th nu.c.le.aJL wa.6.te. 
dl6 po.6al.. 

The. Y. C. P. B. ILe.v.lewe.d the. 0Jta6.t E. ! . S . 6olL the. W46.te. I.60.t.a.Uon PU.Ct Pla.n:t .iJ1 
Caltl.6 bad, N . M. , and UM.nhnouiil.y i,uppow the. e.ncl.oi,e.d 1tuolutlon 601t .6ubmltt.al 46 
public. C.On171e.nt. 

The. BotllLd Jte.c.ognlzu .the. bJ.c.Jr.e.tU.lng ne.e.d .to de.ve.l.op pil.ot pl.an.U 6oJL 6LVLtheJL 
JtU eaJLC.h on !(WU <UApoi,al.; ye;t, a p!Wje.c.:t .the. i,cope. 0 6  .the. pJt.Opo.6 e.d WIPP .i..J, a 
lall4 e. c.onrn.lt:tme.nt l,htancJAU.y and .to the. c.onc.e.pt 0 6  l(W.te. <UApo.6al. ht .6alt be.d6 . 
RafiteJL .tha.n the. WTPP, .the. Boivi.d i,uppow moJte. exte.n.t,.lve. JtU eaJt.C.h on aU. po.6li.lb.te. 
ge.olog.i.c. e.nv.lMnme.nU and de.ve.l.opme.nt 0 6  pilot pl.an.U 06 l.U.6 eJL magnU:ude. . 

We. appJte.c..ia.te. the. oppoJLtu.nlty .to c.on171ent on the. p!Wpo.6 e.d pJLOje.c.:t. 

Slnc.eJLe.ly, 
YATES COUWTY7 P��I�� � �d!?//f�( 
Howa!td A. Mc.Gee.ti' 

HAM/mt Cha;Uuna.n 

Enc.. 
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"IP.ECTOR· 
�Uve.n La.&'ta.k.e 

CHAll\MAN-
Howord A. McGee 
VICE-CHAll\MAN-
P.oy Wood 
SECP.ETAP.Y-
Chor1es lngrom 

YATES COUNTY PLAN N I NG BOARD 
County Building Annex 

43 1 Liberty Street 
Penn Yon. New York 1 4527 

Phone <3 1 5) 536-253 1 

TITLE : Re.60£.ution to iiuppoJtt 6Wt.t.heJr. JLU e.aJLc.h a.nd development 0 6  Wa.6te 
Zl, o.t.a,Uon PU.Ct P.t.a.n:a 

WHEREAS , The Un.U:ed sta-tu Ve.pa!Ltme.n:t 0 6  EneJtBy ha.6 JLeque.6ted input 6Mm 
the ge.neJr..al pu.bUc. JLegaJu:U.ng the pMpoii ed Wa.6te Ziio.t.ati.o n PU.Ct Plant 
.in Ca!tl6 bad, New Me.U..c.o , a.nd 

WHEREAS , t/U.6 pM j ec.t will be a. pUot pM gJtam to deteJUn,i.ne the ii u.U.a.b.llUy 
06 ii ai;t  bed.6 6M. the cl<Apoiiai. 0 6  Jt/llU.oa.ctive i.<Wte.6 a.nd, 

WHEREAS , Ya.te.6 County, N ew  Yolf.k ha.6 been i..d.enJ:...l6)..ed a.6 pa/Vt 0 6  a. g e.neJr..al 
JLeg)..on 0 6  po.f.ii)..ble ii uUa.b.llUy 6oJL JttUUoa.mve i.<Wte cl<Apoii ai. due to 
the SaU.na. iia.l:t bed g eolog,Lc. 60.IUrla.t.lon, now theJLe6oJLe be U; 

RESOLVEV THAT, the Ya.te.6 County Pla.nn.lng BoaJr.d encoWta.ge.6 :the compllehe.n.6,Lve 
JLU eiVLch 06 u.6 e  0 6  all poiiii,Lble JttUUoa.ctive i.<Wte cl<Apoiiai. med,La. a.nd 
6uJttheJr. be U; 

RESOLVEV THAT, the Ya.te.6 County Pla.nn.lng BoaJr.d heJLeby e.ncoWLage.6 .the 
devel.opment 0 6  iimall ii c.ai.e on-iiUe pJ.1.ot pMjeca 6oJL the te.6:tlng 06 
all poiiii.<.ble JttUUoa.mve Wclhte cl<Apoiiai. med,La. a.nd 6uJttheJr.; 

RESOLVEV THAT, the Ya.te.6 County Pla.nn.lng BoaJr.d iiu.ppow CJ.llr..ta).,led pUot 
pMjectA whlc..h t«Ju.ld not .involve the high c.oiit a.nd 6a.clUty capa.c.Uy 
0 6  the pMpoii ed Ca!tl6 ba.d, New MeU.c.o , Wa.6te Ziio.latlon PU.Ct Plant. 
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· North Carolina .10� Department of Administration� 
116 West Jones Street Raleigh 27611 

James B. Hunt, Jr., Govemor 
Joseph W. Grimsley, Secretary 

J u l y  3 ,  1 9 7 9 

M r . E u g e n e  B e c k e t t  
W I P P  P r o j e c t  O f f i c e  
M a i l S t o p B - 1 0 7  
D e p a r t m e n t  o f  E n e r g y  
W a s h i n g t o n , D .  C .  2 0 5 4 5  

D e a r M r . B e c k e t t : 

Division of State Budget and Management 
John A. Williams, Jr., State Budget Officer 
(919) 733-7061 

R E : S C H  # 1 1 8 - 7 9 , D r a f t  E n v i r o n m e n t a l  I mp a c t  S t a t e m e n t  
( D O E / E I S - 0 0 2 6 - D )  W a s t e  I s o l a t i o n P i l o t P l� n t - U S  

D e p a r t m e n t  o f  E n e r g y  

T h e S t a t e  C l e a r i n g h o u s e  h a s  r e c e i v e d  a n d  r e v i e w e d  t h e  a b o v e  
r e f e r e n c e d  p r o j e c t . A s  a r e s u l t  o f  t h i s r e v i e w , t h e  S t a t e  
C l e a r i n g h o u s e f i n d s  t h a t  n o  comme n t  i s  n e c e s s a r y  o n  t h i s 
p r o j e c t  a t  t h i s t i m e . 

S i n c e r e l y ,  

C h r y s  B a g g e t t  ( M r s . )  
C l e a r i n g h o u s e D i r e c t o r  

C B : m aw 
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NORTH DAKOTA STATE PLAN N I NG DIVISION 
STATE CAPITOL · NINTH F LOOR · BISMARCK. NORTH DA KOTA 58505 

701·224·2818 

June 14 . 1979  

STATE INTERGOVERNMENTAL CLEARINGHOUSE "LETTER OF CLEARANCE" 
ON PROJECT REVIEW IN COMFORMANCE WITH OMB CIRCULAR NO . A-95 

To : U . S .  Department o f  Energy 

STATE APPLICATION IDENTIFIER : 7905169556 

Mr. Eugene Becket t  
WIPP Proj ect Office 
Mail S top B-107 
Department of Energy 
Washington , D . C .  205 4 5  

Dear Mr . Beckett : 

Subj ect : Draf t  Environmental Impact Statement for the Was t e  Isolation 
Pilot Plant . 

Thi s  Draft EIS was received in our o ffice on May 15 , 1979 . 

Thank you for submi tting your draft environmental impac t sta tement for 
review and comment through the North Dako ta State Intergovernmental 
Clearinghouse . 

Your draft was referred to  the appropriate agencies , and no comment s  
were received t o  this date . 

Please s end me copies o f  the f inal environmental impact statement and 
any supp lemental impact statements to the North Dakota agencies that 
have commented on the draft ,  and to this office . The opportunity to 
review your dra ft is apprec iated , and if this office as Clearinghouse 
can be o f  further assistance with this proj ect ,  please let me know . 

Sincerely yours , 

� a� 
Mrs . Leonard E .  Banks 
Associate Planner 

BAB/gd 
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• STATE CLEAR I N G HO USE 
3 0  EAST B R OAD STREET • 39TH FLOOR • COLU M B US,  O H I O  432 1 5 

June 28 , 1 979 

Mr . Eugene Beckett 
Waste I sol ati on P i l ot 
P l ant Project Offi ce 
Mai l S top B- 1 07 
U .  S .  Department of Energy 
Was h i ngton ,  D .  C .  20545 

RE : Rev i ew of Envi ronmental Impact Statement/Assessmen t 

• 6 1 4 I 466 -7461 

Ti tl e :  Draft Envi ronmenta l  Impact Sta temen t ,  Waste I s o l ati on P i l ot 
P l ant ,  Apri l ,  1 979 , U .  S .  Department of Energy 

SA I Number : 36-471 -0002 

Dear M r .  Beckett : 

The S tate C l eari nghouse coordi nated the revi ew of the above referenced 
env i ronmenta l impact s tatemen t/assessmen t .  

Co1T111ents from the Oh i o  Envi ronmenta l Protecti on  Agency state that  
i nasmuch as  the operati ons descri bed in  the  subj ect document are out  of  
the j u ri sdi cti on of  the  State of  Ohi o ,  there i s  no i lTITledi ate concern wi th 
th i s  Draft Envi ronmenta l  Impact Statement (E I S } . However,  s i nce O h i o  has 
a we l l -establ i s hed ongoi ng i nterest i n  fuel cyc l e  and radi oacti ve waste 
d i sposa l  matters , th i s  documen t has been exami ned wi th cons i derabl e i n ter
est .  The fol l owi ng  co1T111ents are offered . 

At present ,  O h i o  has  an acti ve commerci a l  reactor bui l d i ng program ; one 
un i t i s  operati on , three are under cons tructi on , one has been deco1T111i s s i oned , 
and  four more are i n  the p l anni ng s tag e .  I n  add i ti on ,  rad i oacti ve was te i s  
genera ted a t  the Portsmouth i sotope separati ons faci l i ty ,  the Mound Laboratori es 
and the Ferna l d  urani um feed faci l i ty .  I f  the spent fuel from these reactors 
mu st u l timately  be s tored at a Federal Repos i tory , such a program wou l d  be more 
eas i l y  establ i s hed i f  the managemen t of defense matters were ful ly  i n  harmony 
wi th the colTlllerci al was te program . 

I t  i s  a l so becomi ng i ncrea s i ng ly apparent that the radi oacti ve was te 
d i s posal  i s  beset wi th a number of (non-techni cal ) i nsti tuti onal , pol i ti cal 
and s oc i al barri ers whi c h  are more evi dent i n  the case of corrmerc i a l  reactor 
s pend fuel el ements than for defense rel ated wastes . Th i s  E I S  does not take 
these cond i ti ons i nto account .  
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Ml' . Eugene Beckett 
June 28 , 1 979 
Page 2 
W I PP 

Concerni ng the spec i f i c  a l ternati ves whi ch are presen ted there are 
severa l comments whi ch you wi l l  fi nd perti nent . 

1 .  Al ternati ve 1 ,  conti nue storage at the I daho Nati ona l 
Engi neeri ng Labora tory ( I NEL ) .  Whi l e  thi s  1 1No Acti on "  
a l terna ti ve mi ght be  cheapes t ,  env i ronmenta l ly  ben i gn 
and backed by the grea tes t experi ence , i t  a l so has the 
d i sadvantages of contri buti ng noth i ng  new or progres s i ve 
to the s tate of the art of rad i oacti ve was te management .  
I t  a l so might add to a publ i c  perception of the U .  S .  
Department of Energy ' s  ( DOE ) i nabi l i ty or i ndec i s i on to 
d i s pose successfu l ly  of defense was tes . 

2 .  Concerni ng i ng the other a l ternati ves . I t  appears tha t 
i f  the Department of Energy real ly  wi s hes to move care
fu l l y i n  i ncrementa l steps , i t  wou l d  be pol i ti c  to p l an 
the faci l i ty ori g i nal ly to handl e on ly  CH (contact 
handl i ng )  waste , as much as thi s  wou l d  ta ke care of the 
greates t bu l k  of the I NEL was te eas i ly and exped i ti ous l y .  
After the Was te I s o l a ti on P i l ot P l ant (WI PP l a n d  the 
Department of Energy have demons trated the abi l i ty to 
handl e th i s  sati sfactori l y ,  the faci l i ti es for s torage 
of RH ( remote handl i ng )  waste and spen t reactor fuel can 
be added . 

On i nsti tuti ona l probl ems , i t  i s  hoped that you wou l d  be cogni zant 
of the works hops hel d throughout the country .  Encl osed i s  a copy of the 
"Recommendations  Toward Establ i s h i ng a Publ i cl y  Res ponsi ve and Acceptabl e 
Nati onal Nucl ear Wa ste Management Pol i cy" , adopted at the Denver works hop , 
for i ncl u s i on i n  the F i nal  Envi ronmen ta l Statemen t .  I t  i s  expected that 
DOE wi l l  be responsi ve to these recommendati ons . I t  wou l d  be appropri ate 
to i ncl ude a compl ete secti on on i nsti tu ti onal probl ems and how DOE i n tends 
to dea l w i th them . 

Genera l l y ,  the draft E I S  i s  thorough and wel l done . However , i t  i s  
fel t that  DOE has been rather vague about the proces s of dec011J1Ji s s i on i ng ; 
a l s o ,  abou t what wou l d be done wi th retri eved fuel or waste . 

S pec i fi c  corrrnents made are that  on Page  2-4  et . seq . , there are no  
i ns ti tu ti onal cri teri a l i sted there whi ch poi n t . to our general remarks 
about i ns ti tuti ona l  probl ems . Page 2 . 6 ,  i f  mi n i ng the sa l t beds i n  the 
Wi l l i ston Bas i n  wou l d  not be feas i bl e  for the WIPP , i t  woul d not be feas i bl e  
for " the ri chest potash  depos i ts i n  North Ameri ca "  ei ther so  that statement 
i s  qu i te superfl uou s .  

Page 2-7 , d o  "dri l l  hol es " i ncl ude sma l l  expl oratory core dri l l i ng 
as wel l as  l arger hol es , page 2- 1 7 ,  Secti on 2 . 2 . 3 ,  poi nt 2 .  I t  shou l d be 
po i n ted out that  transu ran i c  ( TRU } was te as compared wi th h i g h- l evel  waste 
( HLW ) not only generates l ess  heat bu t a l so  requ i res l i ttl e i f  any s h i e l di ng 
and , therefore , under norma l opera ti ng cond i ti ons resul ts i n  l esser radi a ti on 
f i e l ds and  l ess occu pati onal exposure . 
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Mr . Eugene Beckett 
June 28 , 1 979  
Page 3 
WI PP  

Page 2- 26 . We concur wi th the concl u s i ons on th i s  page beg i nn i ng wi th 
the s econd paragraph . 

Page 9- 1 7  a nd 1 4- 9 ,  the den i a l  of resources to the state and the i n
dustry , espec i a l ly  of l angbei n i te seems the greatest drawback of the present 
W I PP s i te ,  yet the E I S  makes no men ti on of poss i bl e  monetary compensati on 
for th i s - den i a l . 

I t  i s  s tated by the Department of Na tu ra l Resources that they concur 
wi th the el imi nati on of the Sal i na regi on for s i ti ng of the W I PP . The Si l ur i an  
rock sa l t i n  Oh i o  woul d meet few of the tenati ve sel ecti on cri ter i a .  

Al so , i t  s hou l d  be noted the the Ohi o Department of Energy has made a 
s pec i fi c  reques t to rev i ew the fi nal  envi ronmenta l impact s ta tement  when 
i t  has been compl eted . 

I n  concl u s i on ,  i t  i s  recorrmended tha t the above comments be addres sed 
i n  the f i na l  envi ronmen ta l i mpact s tatement and that  there be a exped i ti ou s  
sol u ti on to the nucl ear wa s te probl em .  

J YB/ l ew 

cc :  DNR , M i ke Co l v i n  
OPEA , Gene Wri ght  

Encl osure 
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Executive Department 
INTERGOVERNMENTAL RELATIONS DIVISION 
ROOM 306, STATE LIBRARY BLDG., SALEM, OREGON 9731 0 

June 2 6 , 19 79 

Mr .  E ugene Be cke tt 
WIPP Pro j e c t  Off i ce 
Mai l  Stop B- 1 0 7 
Department o f  Energy 
Washington D . C .  2 0 5 4 5  

WASTE I SOLATION P ILOT PLANT 
PNRS 7 9 0 5  4 8 9 0  

Thank you for s ubmi tting your dra ft supplement to the 
final Envi ronmental Impact S tatement for S tate o f  
Oregon review an d  comment . 

Your draft was re fe rred to the appropriate s tate 
agencie s for review . The consensus among reviewing 
agenc ie s was th at the draft adequate ly de s cribed the 
environmental impact o f  your proposal . 

We wi l l  expe ct to rece i ve copie s o f  the final statement 
as requi re d by Coun cil of Envi ronme ntal Qua l i ty 
Guide l ine s . 

KW : j h 

P-16 0 
AN EQUAL OPPORTUNITY EMPLOYER 
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GOVERNOR'S OFFICE 

DFPICE OF THE BUDGET 

L 

Penmiglf'ania 
.Stah 
Clearinglun,ise 
P.O. BOX 1323 - HAR RISBURG, PA. 17120 - (717) 787-8048 

783-3133 

Mr .  Eugene Beckett , 
WIPP Proj ect Office 
Mail Stop B-107 
Department of Energy 
Washington, D . C .  20545 

Dear Mr .  Beckett : 

July 6 ,  197 9 

PSCH -. 5790500fi 

The Pennsylvania State Clearinghouse has received from your 
Office copies of the Draft Environmental Impact Statement (DOE/ 
EIS-0026-D) for the Waste Isolation Pilot Plant . 

Please be advised that the State Clearinghouse has no conunents 
to make on the Draft . We would appreciate , however , a copy of the 
Final Statement . 

RAH : ar 

cc : File ( 2 )  

Sincerely , 

Richard A .  Heiss , Supervisor 
Pennsylvania State Clearinghouse 
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ST A TE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS 

Department of Administration 
STATEWIDE PLANNING PROGRAM 
265 Melrose Street 
Providence, Rhode Island 02907 

Mr . Eugene Beckett 
WIP� Pro j ect Off ice 
Mai l  Stop B- 1 0 7  
Dept . o f  Energy 
Wa shington , O . C .  2 0 54 5  

Dear Mr . Beckett : 

July 12 , 1 9 7 9  

This o f f  ice , i n  i t s  capacity of c l earinghouse des ignate 
under OMB Circular Number A- 9 5 , Part I I , has reviewed the 
Dra ft Environment al Impact Statement ( DOE/EIS- 0 0 2 6-D) , Waste 
I so lation Pi lot Pl ant , U . S .  Department of Energy , dated 
Apr il  1 9 7 9 , as received in this office on Apr il 1 1 , 1 9 7 9 .  

The Technical Committee of the Office o f  State P lanning 
was presented the staff f indings as a result 0£ the review 
along with the staff ' s  re commendat ion at its meet ing o f  
July 6 ,  1 9 7 9 .  The Commi ttee ' s  decis ion is that the c learing
house has no comment on the draft . 

We thank you for the opportun ity to review this document .  

RJF/sj c 
Re ference File : EIS - 7 9- 0 7 
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Yo�,s very trul� , 

/ � . :/.1----� V�--tC/ fiii2� 
Rene · • · Font aine 
A- 9 5  Coordinator 



�� S T  A T  E P L A N N I N G B U F.l E A U - -.:.·t :.i �� 
State Capitol  � ,..._ � 1 .. • _.! �� Office of 

P ierre, South Dakota 57 50 1 
605/224-366 1 executive mono9ement 

July 1 0 ,  1 9 7 9  

Mr . Eugene Beckett 
WIPP Proj ect Of f ice 
Ma i l  Stop B - 1 07 
Department o f  Energy 
Washington , D . C .  2 0 54 5  

Re : Dra f t  Envi ronment al Impact S t at ement ( DOE / E I S - 0 026-D ) 
E I S  1 1 1 07 9  
Was t e  I s o l at io n  P i l ot Pl ant 

Dear Mr . Becket t : 

The S t at e  Cl ear inghou se has d i s t r ibut ed for r ev i ew t he above 
s t a t ed draft env iro nmental impact s t a t ement . No comment s  were rece ived . 
Thank you for t he opportu n i t y  t o  rev i ew and comment . 

S i ncerely , 

es R .  Richardson 
i s s ioner 

te P l ann i ng Bur eau 

JRR/mj n 
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OFFICE OF THE GOVERNOR 
WI LLIAM P. CLEMENTS, JR. 

GOV ERNOR 

Mr .  Eugene Beckett 
WIPP Proj ect Office 
Mail Stop B-107 
Department of Energy 
Washington , D . C .  20545 

Dear Mr .  Beckett : 

July 2 ,  1979 

The draft environmental impact statement (DOE/EIS-0026-D) pertaining 
to the Waste Isolation Pilot Plant , has been reviewed by the 
Budget and Planning Office and interested State agencies . The 
comments of  the Department of Water Resources , Air Control Board , 
Parks and Wildlife Department , S tate Department of  Highways and 
Public Transportation, Railroad Co1111lission and the Department of 
Health are enclosed for your information and use. 

The Budget and Planning Office appreciates the opportunity to review 
this document . If we can be of any further assistance during the 
application proces s ,  please do not hesitate to call . 

Enclosures : Comments of -
Department of  Water Resources 
Air Control Board 
Parks and Wildlife Department 

Ue4 
Donald E .  Barley , Manager 
Economics and Natural Resources 
Budget and Planning Off ice 

S tate Department of Highways and Public Transportation 
Texas Railroad Commission 
Department of Health 

DEH : j l  
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R ICHARD B ITZ 
DDUNTY ol U D G E  

Honora b l e J J nrny Ca r t e r  

WARD C O UN TY 
MONAHANS. TEXAS 797!56 

Ka rcb 30 , l 979 

Pres i de n t  of t he Un i ted S t a t es of Ame r i ca 
Wa s h i ng ton , O .  C .  205 1 0  
Dea r Hr . P res i dent : 

Enc l osed t s  a copy o f  a reso l u t i on pa s sed by ou r Cou r t  on Ka rch 26 , 1 979 , 
wh i ch i s  s e l f exp l a na to r y . 

We wou l d  ' l i ke to have a r e s ponse f rom you conce rn i ng t h i s  reso l u t i on to 
en t e r  i n to ou r cou r t  reco rd s .  Even though t he f i na l  d ec i s i on ha s not been 
made on t h e  s i te l oca t i on ,  we fee l l t  i s  pa rt i cu l a r l y neces s a r y  fo r you to 
repl y to i tem # 3 of t he reso l u t i on . 

RS : bw 
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Yours ve ry t ru l y ,  

�.k 
R i c ha rd S i tz 7 
County Judge 
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R I C HARD S ITZ 
DDUN'l'Y olUDDE 

WA R D  ·C O UN TY 
MONA HA NS. TEXAS 79756 

The f�l l ow i ng i s  a t ru e  and cor rec t copy of t he Reso l u t i on pa s sed by t he Wa rd Coun t 
tol!V'li i s s i one r s ' Co1,; r t  a t  Mona han s ,  Texa s , o n  Ka rch 26 , 1 57 9 , w i t h  s.a i tl  Heso l u t i on 
reco rded i n  t h e  �l i n u t e s  o f  Comm i s s i on e r s ' Cou r t . A l l members o n  t he Cou r t  we r e  
pre s e n t  a t  t he mee t i ng ,  t o  w i t ;  H .  A .  Col l i n s , Comm i s s i on e r  Prec i nc t  1 ,  
Robe r t  R .  Sp i n ks , Comm i s s i on e r  Prec i nc t  2 ,  J . H .  Ra g l i n , Comm i ss i on e r  Prec i nc t  3 ,  
Lenora P r i ce ,  Comm i s s i on e r  Prec i nc t  4 a n d  R i cha r d  S i t z ,  Cou n t y  J u d ge . 

R E S 0 l U T I 0 N 

We recog n i ze t he need for t he Un i t ed 
t he accumu l a ted wa s t e  of o u r  nuc l ea r  prog rams . 
prob l ems o f  t h e  pro posed Wa s t e  I so l a t i on P i l o t 
wh i ch have not been s o l ved . 

Sta tes t o  f i nd a p l ace t o  s to r e  
Howeve r ,  t he re a re some bas i c  

P l an t  nea r Ca r l s ba d ,  New Mex i co ,  

F i rs t ,  acco rd i ng to t h e  hyd ro l og i ca l  s t u d i es conduc t ed by Sand i a  
Labora to r i e s i n  A l buquerque , New Mex i co ,  t h e re a re h i g h p r e s s u r e  d e pos i t s o f  
na t u ra l g a s  a n d  wa t e r  u n de r l y i ng t h e  s i t e wh i c h a re po t e n t i a l l y  d a n gerou s i f  
t hP- h i gh pres s u re g a s  s ho� l d  ever fo rce t he wa t e r  i n t o  t he W I PP s i t e .  

These na t u ra l  g a s  d e pos i t s a re po t en t i a l l y  va l ua b l e sou rces o f  na t u r a l  
ga s ,  bu t t he W I PP s i t e w i l l  remove t hem f rom u s e fu l ne s s . Al so t he pota s h  
depos i t s o f  t he a rea w i l l  b P.  rende red u s P. l E'! S S  by t he pro posed cho i c:e o f  s i t e . 

Second , t he re have been e a r t hqua kes a s  recent l y  a s  t he s p r i ng o f  1 978 
in  Wi n k l e r  Coun t y , Texa s ,  wh i c h i s  adj acen t to Eddy Cou n ty , New Mex i co ,  t he 
l oca t i on of t he pro po sed W I P P s i t e .  These quakes show t he a rea i s  not a s  
geo l og i c a l l y  i na c t i ve a s  h a s  been c l a i med b y  t he Depa r tmen t  o f  Ene rgy . 

Th i rd ,  t he a q u f fe r s  o f  sou t h ea s t �rn New Mex i co and sou t hwe s t e r n  Texa s 
a re too c l ose to t he chosen s i t e .  The San t a  Rosa l i mes tones a rc a c t u a l l y  p r e s e n t  
i n  t �e boun da r i e s of t he m i ne a rea . I f  a n y  l eakage s hou l d  occu r a n d  seep i n t o  
t hese \o1a t c r  s u pp l i e s ,  i t  cou l d  po l l u te a po r t i on o r  t he e n t i re wa t e r  s u pp l y  o f  
t he a rea . 

Bec a u s e  of t he a bove rea son s , we fee l t h i s  s i t e i s  not s u f f i c i en t l y  
sa fe for l ong- t e rm s torage of l a rg e  qua n t i t i es o f  nuc l ea r  wa s t e .  
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Page 2 

I f , howeve r , the P res i den t  of the Un i t Od S t a t e s and the Depar tmen t 

of Ene r gy ch�•• t h i s s rt e i n sou thea s t e r n New Me x i co , we �u \ d l i ke to s ee 

fo l l ow i ng preca u t i on s : 

The re shou l d be mon i to r i ng of t he m i ne un t i l  the m i ne s i t e i s no more rad i o• 

�ct \ ve than the na t u ra l  r ad i oact i v i ty of the r eg i on . 

There shou l d be mon i to r i n g  of p r i vat e and publ i c wa t e r su ppl i es of sou t hea s t 

New Mex i co and sou t hwes t  Texa s a s l ong a s i t  I s neces sa ry to mon i to r t he m i n• · 

Th• mon i to r i ng shou l d  be a t  t he expense of the Un i t ed S t a t e • gove rnmen t , not a t 

t he expen se o f  the i nd i v i dua l  wa te r  u se r . 

3 .  · I f  pO \ \  uqon of a nY wa te r  supp) y s hou \ d occ u r  f rom t he II•• t e  I so \ a t i on P i i ot 

P l  an t ,  th e  wa t er s upp I y shou \ d be r ep\ aced wi th po ta b I e ,,. te r . Th i s good , u s ab \ e 

wa te r . shou l d not be a t the expen se of t he p rope r t y owner /owne r s , bu t  r ather a t 

the expen s e o f  t he Un i ted S t a t es gover�men t . 

� - There shou l d  be s ecu r i ty p rov i s i on s fo r the t ranspor t a t i on o f  t he rad i o· 

nuc l ea r wa s te to the s i te . 

5 . The raO i oac t i ve wa s t e  s hou l d  be i sol a ted i n a s r et r i evab l e a manner a s pos s i b l e , 

pend i ng f u t u re t echno \ ogY when the wa s te can be sa f e \ Y d i s p0sed of o r  u t i l i zed 

I f t he p res en t pl an s  of the Depa r tmen t o f  Ene r gy a re ca r r i ed ou t by 

the Un i t ed Sta tes ,  t he Ca r l sbad \l l P P s i t e w i l l  u l t i ma t e l y  con t a i n  t he \ o r g e s t  

(or on e  o f the l a r ge s t ) con cen t ra t i ons o f r ad i onuc \ ea r  wa s te i n one p l ace t ha t 

has eve r  been gat he r ed tog e t he r  I n the h i s to ry o f mank i nd . lie ce r t a i n l y  f ee l 

th i s J us t i f i es ext r ao rd i na ry pr ecau t i on s and sa f et y mea su r es fo r t h• huma n s and 

fo r  f uel . 

an i ma l s  wh i ch popu l at e th � a r ea . �l so , the re a re many un i que f ea tu r es o f t h• 

l end wh i ch n'*d pr es e rva t i on • • to name bu t t''° • • Guada l u pe Na t i ona l ra r k i n 

Texa s and Ca r l sbad Cave rn s Na t i ona l Pa rk i n New Mex i co .  

I n t rod uced and pa s sed by the torrrni ss l one r s ' Cou r t o f \la rd Coun ty , Texa s , th i s  

2 6t h  day of Ka rch , 1 979 · 

At test : 

/l_ l//.��-
'PA1 V . F l NL E� t l e r k 
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A/95 
State Clearinghouse 

533-4976 
533-497 1 

Environmen tal 

Coordinating 
Committee 
533-5794 

Human Resources 

Coordinating 

Committee 
533-608 1 

A/85 
Federal/Sta te 

Coordination 

' 533-6083 

Federal Resource 

Information 

STATE O F  UTAH 
Scott M. Matheson 

Governor 

Kent B r iggs 
State Planning Coord inator 

Mr . Eugene Beckett 
W I P P  Proj ect Offi ce , 
Ma i l  Stop B- 107 
De partment of Energy 
Was h i n gton , D . C .  20545 
Dear Mr . Bec kett : 

Division of Pol icy and Planning Coord ination 
Intergovernmental Relations Sect ion 

Lorayne Tempest, Assistant State Planning Coordinator 
1 24 State Capitol 

Salt Lake City, Utah 84 1 1 1  
533-4981 

June 27 , 1979 

The  Utah  State Envi ronmenta l Coord i na t i ng Corrrni ttee has  re
v i ewed the Draft Envi ronmental  I mract S ta tement ; Wa s te I s o l at i on 
P i l ot Pl a n t . The Conm i ttee offers the fol l owi ng comments . 

1 .  Bottom of Page 1 -2  and top of Page 1 - 3  
" . . .  the  W I P P wi l l  rec i eve as  ma nv as 1000 as sembl i es 
emp l aced i n  such  a manner that  they

� 
can be re tri eved for 

20 years i f  neces sary ,  but  w i thout the exnecta t i ons of 
doi ng so . 1 1 

Center Th i s  l a s t  phrase ( underl i ned ) s houl d not be _vo i ced 
533-4983 a s  a part of the mi s s i on .  A c ha nge ir1 the Wh i te House  

occuna ncy co u l d  enab l e  the Na t i on t o  pursue the reason
ab l e course of fuel  reproces s i ng and breeder reactors 
for powe r genera t i on .  

2 .  Page 6-8 - "There a re no s h i pp i n g casks  i n  ex i s tence des i gned 
s pec i fi ca l l y  for transporti ng HLW ca n i s ters . "  

I f  these H i gh -Level Wa s tes a re moved , mos t of them wou l d  
proba b l y  g o  throug h Utah a nd Sa l t La ke C i ty .  I t  i s  a l s o 
a nt i c i pa ted that much of the s pent fuel wi l l  be transported 
through Utah . The proposed ca s k  for HLW wou l d  probably  be 
l i m i ted to rai l tra nsporta ti on beca use of i ts wei g h t  ( - 100 tons ) . 
We wou l d  hope a l l of the H i gh-Level Was te c ou l d be sent by 
rai l to m i n i mi ze c ontact wi th the rubl i c .  
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I f  the WIPP  i s  to be constructed , Utah wi l l  need an  i n
creased capabi l i ty of moni tori ng shi pments to assure i ts 
ci ti zens that they are bei ng protected from unnecessary hazards. 
We wi l l  a l so  need addi tional emergency response capabi l i ty and 
i t  i s  our feel i ng that the added respons ib i l i ty imposed by a 
Federal program shou l d be supported by Federal funds . 

Thank you for the opportuni ty to conment . 

LT/dk 
790515138 

7�� 
Lorayne Tempest 
Ass i s tant State P l anni ng Coordi nator 
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OFFICE OF THE GOV E R NOR 

STAT E A-95 CL EAR I NGHOUS E 

STATE OF VERMONT 
MONTPELIER, VERMONT 05602 

MEMORANDUM 

To : 

F rom :  

Date :  

Mr . E u g e n e  Bec kett , W I PP P roj ec t Of f i c e  
Ma i l  Stop B- 1 0 7 ,  Depa rtment o f  E n e rg y  
Wa s h i n gton , D .  C .  2 0 54 5  

I 
A 95 C • t .') �ft/ Em i I y N ea r y ,  - oo rd 1 na o r  .1/ ;  

J u n e  2 7 , 1 9 7 9  

STATE PLANNING O FF I C  
AREA CODE 802-828·332 

Re : Dra f t  E n v i ro n menta l I mpact Statemen t ,  DO E/ E I S -0026-D, 
Wa ste l so l a t i o n ' P i  l ot P l a n t  < W I PP ) 

As t he Stat e C l ea r i n g ho u se un der OMB C i rc u l a r  A-95 
we have not if l ed ot h e r  p u b I ic agenc i e s w i t h  a poss i b l e 
I nterest i n  you r :  

Cop i es of comment s  rece i ved a re attached : f rom t h e D i v i s i on 
f o r  H i sto r i c  Preserva t i o n . 

: en c l o s u re 
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R EPORT O F  TH E H EAR I NGS PAN E L  ON TH E· 
DRAFT ENV I RONM ENTAL IMPACT STATEM ENT 

FOR THE WASTE ISOLATION P I LOT P LANT 





Appendix Q 

REPORT OF THE HFARINGS PANEL 
ON THE ENVIRONMENTAL IMPACT STATEMENT 

FOR THE WASTE ISOLATION PILOT PLANT 

This append ix contains the repor t of the hear ings panel on the draf t 
envi rCl'IJllental impact sta tement for the Waste I solation Pilot Plant . The 
repor t identif i es the significant issues raised dur i ng public hear ings at 
Ode ss a ,  Texas , on October 1,  1979 � Hobbs , New Mexico , on October 2,  1979 ; 
and Santa F e ,  New Mexico, on October s ,  197 9 .  

Q- 1 





Ms . Lynda Bro thers 
Act ing Deputy Ass i s tant 

Secretary for the Environment 
Department of Energy 
Wa sh ington , D . C .  

Dear Ms . Brothers :  

November 6 ,  1 9 7 9  

The attached report o f  the hearing panel on the Wa s te I so
lation Pi lot P l ant Dra ft Envi ronmenta l Impact Statement ( DOE/ 
E I S- 0 0 2 6 - D )  identi fies the s ign i f i cant i s sues rai sed dur ing pub
l ic hearing s he ld on the draft environmental impact statement on 
the fo llowing dates at the fol lowing locations : 

Ode s sa , Texa s 
Hobbs , New Mexico 
Santa Fe , New Mexico 

October 1 ,  1 9 7 9  
October 2 ,  1 9 7 9  
October S ,  1 9 7 9 . 

The se hearings were held pur suant to a notice publ i shed in the 
Federal Regi s ter on September S ,  1 9 7 9  ( 4 4  Fed . R�g .  5 1 8 4 8 ) . Ad� 
vertisements wer e a l s o placed in the local pre s s  in Span ish and 
in Engl i s h  in var ious c i t ies and town s i n  New Mex i co and Texas 
to encourage par t icipat ion in the se hearings . Earl ier hearings 
on the s ame DE I S  were held in Idaho Fal l s , Idaho , June 5 ,  1 9 7 9 , 
Albuquerque , New Mexico , June 7 and 8 ,  1 9 7 9 , and Car l sbad , New 
Mexico , June 9 ,  1 9 7 9 . 

The Panel for the hear ings cons is ted o f  Robert W .  Hami lton , 
Vinson and E lkins Pro fes sor o f  Law at The Unive r s i ty o !  Texas 
Schoo l of Law , the pres iding o f f icer , Dr . John Cumberl and , Pro� 
fes sor of Economics at the University of Maryland , and Dr . Irwin 
C .  Remson , P ro fe s sor of Applied Earth Sc iences and Pro fes sor of 
Geology at S tanford Univers ity . 

S ince no member of the Panel i s  an employee o f  DOE the 
record of the hearing wa s not comp i l ed by the Board . That func
tion is be ing performed by the Albuquerque office of DOE . The 
attached repor� .:i.e limited to the issa� rai sed in the ora l pre
sentations and testimony at the hear ings and does not addre s s  
i ssues that may have been rai sed in the vo luminous written com
ments on the DE IS , which have not been examined or revi ewed by 
the Panel . 

The Panel has not undertaken to resolve the substantive 
i s sues rai s ed or to render j udgment on the des i rab i l ity of the 
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Ms . Lynda Brothers 
Acting Deputy A s s i stant 
Secre tary for the Environment 
November 6 , 1 9 7 9  
Page Two 

WIPP Pro j ec t .  In a few instances in the attached report , the 
Panel has made s ubstantive ob servat ions or sugge stions which it 
bel ieve s will be of a s s i s tance to DOE in evaluating the record 
of thi s  hearing . 

Q-4 

Re spectfully s ubmitted , 

� w. �  
Robert w .  Hamiiton 
Pre s iding O f f icer 

Dr . I rwin RemSOD 



Report of the Panel Identi fying 
S igni f icant I s s ues on the Draft 
Environmental Impact Statement 

on the Waste I s olation P i lot 
P lant DOE/E I S - 0 0 2 6 -D 

N,ovember 6 ,  1 9 7 9  

This Report describes the s igni f i cant i s sues rai sed at pub l ic 

hearings on the above draft environment al impact statement (DE I S ) 

held on October 1 ,  1 9 7 9 at Ode s sa , Texas , on October 2 ,  1 9 7 9 at 

Hobb s , New Mex ico , and on October 5 ,  1 9 7 9 at Santa Fe , New Mexico . 

The se hearings were held pursuant to the ground ru les establ ished 

in the not ice of the hearings , publ ished at 4 4  Fed . Reg . 5 1 8 4 8 . 

Thi s Report cons iders only the i s sue s raised at these public 

hearings . The Pane l has not reviewed the numerous written comments 

received by the Department o f  Energy (DOE ) relating to the Waste 

I solation P i lot P lant (WIPP ) pro j ect . The full record of these 

hear ings i s  be ing deve loped by DOE . 

The format o f  the s e hearings was unusua l in two re spect s . 

First , all members  o f  the P anel were drawn from out s ide DOE . Second , 

the morning o f  e ach s e s s ion was devoted to a public pre sentation by 

DOE and its contractors on various a spect s  o f  the WIPP pro j ect . Mem

bers o f  the Panel questioned c lose ly each person taking part in the 

DOE presentation and a relat ively few written que stions were a sked 

about this pre s entat ion by members of the general public . The after-

noon , and where necess ary the evening , se s s i ons were devoted to the 

test imony of inte rested members of the genera l public who had re-

ques ted an opportunity to test i fy , and to unscheduled presentat ions 

by members of the audience . 



Many of the s ignifi cant i s sues and comments described be low 

were developed during the morning ses s ions when DOE employees and 

its contractors made presentations s ub j ect to que s t ioni ng by the 

Pane l . At the se s e s s ion s the DOE pre s entation summar i z ed the prin

c ipal obj ections to the P ro j ect made at the earl ier publ i c  hearings 

and in the written comment s , and responded to them . In the view of 

the members of the Pane l , thi s  format provides a use ful and meaning

ful role for non-DOE Panel members .  

The DOE presentation addres s ed the fol lowing s ubstantive areas : 

( 1 )  Tran sportation of waste to the WIPP s ite ; 

( 2 )  Con f l i ct with energy and mineral re source s  at the s i te ; 

( 3 ) Potent ial c ontamination of we st Texas water suppl ies ; 

( 4 ) Geo logi c  su itabi l ity of the s ite ; 

( 5 )  E f fects of low leve l rad iation ; 

( 6 )  Retrievab i l ity capab i l ities for the was te ; and 

( 7 ) Soc ioeconomic impact o f  the proj ect . 

In many of these areas , the DOE pre sentat ion adequately responded 

to quest ions and concerns that had been rai sed previous ly , and c lar

ified precisely what was be ing propos ed at the WIPP proj ect . I t  

would b e  des irable for the f inal E I S  t o  i ncorporate port ion s o f  

these presentations . 

In the view o f  the Pane l the fol lowing are the principal problem 

areas that remain to be addre s sed by DOE : 

I .  Recent Change s in the WIPP Proj ect . 

As a result o f  Congress ional dec i s ions , there have been two s ig

nificant change s in the WIPP pro j ect s i nce the DEIS was released last 
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Apri l :  the proposal for the intermed iate s torage fac i lity invo lving 

the s torage of up to 1 0 0 0  spent corrunercial fue l rod a s semb l i e s  ha s 

been deleted and i t  i s  no longer propo sed that the fac i l i ty be re

v i ewed and l icensed by the Nuc lear Re gulatory Corrun i s s ion ( NRC ) • ( T r  

1 0 7 3 - 7 4 )  Of c ours e , at a minimum the f inal E I S  shou ld ref lect the se 

revis i on s . 

The dec i s ion to e limi nate the corrunercial spent fue l  rod a s s em

bl ies incre a s e s  the c onservat i sm of the proj ect in severa l respect s :  

the amount of high leve l wa ste that mu st be transported to the s i t e  

h a s  been greatly reduced , po s s ible problems relat ing to the e f fect o f  

long-term he at and radi oact ivity on salt formations have been elim i 

nated , and the amount of radioactiv ity re leased during some of the 

"worst po s s ible " scenarios discussed in the D E I S  ha s been great ly re 

duced . (Tr 1 0 7 5 )  S ince a l l aspec t s  of this change appe ar to reduce 

the po ss ible adverse environmental affects o f  the WIPP proposal , 

this change appears to requ ire no further procedural steps othe r than 

changing the D E I S  so that the final E I S  accurately re f lect s the cur

rent scope of the pro j ect . 

The e l iminat ion of NRC l icens ing pre sent s other problems , how

ever . Severa l witne s s e s , inc ludi ng part icularly repre sentat ive s of 

the State of New Mexico , cont inued to call for NRC l i c ens ing d e spite 

the Congres s ional dec i s ion to e l iminate it . (�, Tr 1 2 1 0 , 1 2 1 3 - 1 4 ,  

17 57 ) . In i ts mo s t  de finitive statement , the S tate o f  New Mex ico 

called for " the creation of an independent review proce s s  at the n a 

t iona l  leve l "  and " a  s econd opin ion . . . to provide adequate as s ur

ance of  the sa fety of the proj ect . "  ( Tr 1 7 5 7 ) DOE emp loye e s  
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c ommented that DOE pos s e s sed the technical c apabi lity to review the 

s afety of the proposed pro j ect with the s ame degree o f  sophistication 

a s  the NRC , (Tr 1 0 8 7 ) but this appeared unacceptable to the S tate o f  

New Mex ico , whose representat ive obj ected that " se l f-regulation 

should not be relied upon to protect public health and s afety when 

c omplex and potent ially haz ardous techno logie s are involved . " 

(Tr 1 7 5 7 ) . 

The hearings demonstrated that the i s sues s urrounding the WIPP 

proj ect are as much ptil itical as they are engineering and s c ient i f i c . 

The question o f  NRC li cens ing c learly raises a po litical i s sue . In 

the view o f  the Pane l it is unl ikely that an unstructured internal 

review proce s s  by DOE employees , no matter how competent and impar -

t ial , wi l l  sati s fy the persons c a l l ing for NRC licens � ng . DOE shou ld 

cons ider the deve lopment of an " independent " board o f  safety review 

within DOE with s c ienti f i c  and engineering c apab i l ity to provide d 

f inal review of pro j ects s uch a s  WIPP . S imi lar boards have been 

c reated by other agenc i e s  to investigate air disa ster s , nava l a c c i 

dents , nuc lear acc idents , and other s imilar event s . Whi le the s a fety 

i ssues underlying WIPP are prospective rather than retrospect ive , the 

procedure s would appear to provide the des ired " second opinion . "  

( See generally Tr 1 4 5 1-5 3 )  

I I . Should DOE Now Proceed to the F i na l  Environmental Impact 
Stateme nt ? 

On several occas ions during the recent he ari ngs DOE per sonne l 

stated that DOE planned to move promptly to the deve lopment o f  a 

f inal environmental impact statement . The S tate o f  New Mexico , on 

the other hand , c a l led on DOE to i ssue " supplements " to the DE I S  on 

0-8 



the fo l lowi ng broad areas : 

( a )  Transportat ion ; 

( b )  Eme rgency Preparedne ss ; and 

(c ) Socioeconomics . ( Tr 1 2 0 5 - 12 0 6 ) 

The stateme nt o f  the New Mexico repre sentat ive conc ludes that 

" in the event that the DOE is unable to i s sue supplements on the in

adequate port ions of the DE I S  fo r time ly review prior to the pub l i 

c ation of the f inal E I S , the Governor h a s  stated that h e  wi l l  have 

to dec l are the ent ire DE I S  inadequate . "  (Tr 1 7 5 3 - 5 4 )  

Wh ile the DOE pre sent at ions at the hearings may have provided 

some of the detai led informat ion des ired by the State of New Mexico , 

it i s  c lear that some o f the informat ion reque sted by the S tate was 

not pres ented at the hearing and , indeed , may not current ly be in 

existence . The State reque sted , for example , a " c lear " ident i fica

t ion of the proposed routes for sh ipment o f  waste mater ials , proce

dure s for mon itoring ohipments throuqh the state , and the capab ility 

of hospitals to respond to a nuc lear a�c ident a long those routes . 

(Tr 1 7 4 9 )  However , the ident i f i cat ion o f  speci fic routes has not 

been made . ( T r  1 3 0 2 ) 

One witne s s  argued that the DE I S  so far fa i led to meet the reg

ulat ions of the Counc i l  on Environmental Qua l ity that an entirely new 

DE I S  should be prepared . (Tr 1 4 5 6 )  Thi s witne s s  a lso cal led atten

tion to a number of minor incon s i stencies and errors in the DE I S , 

which should be reviewed in conn�ct ion wi th the preparation o f  the 

final EIS . 

I I I . Po s s ible Future Change s in the Scope o f  the WIPP Proj ect . 
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At the he arings DOE repre sentative s were quest ioned about the 

binding nature of the f i nal E I S  and the pos s ibi l ity that the proj ect 

might be increased in s cope or magnitude in the future . (Tr 1 4 9 3 ) 

The Pane l was advi sed that any substant ial change would require an 

amendment to the f i nal E I S . (Tr 1 4 9 7 ) 

The pro j ect is de scr ibed as involving only contact handled TRU 

waste f rom the Idaho Na tional Engineering Laboratory ( INEL ) , plus 

experimentation relating to the e f fect of high leve l waste on salt 

formations . ( DE I S  1 - 1 , T r  1 0 7 3 -7 4 )  However ,  the DEI S  conta ins nu-

merous re ferenc e s  and s tatement s that may be c onstrued as author i z ing 

shipment to and storage at the WIPP s i te of c ontact and remote han-

dled TRU waste from numerous other locations , � , Hanford , Los 

Alamos , and Savannah River . ( See , � , DE I S , 6 - 8  to 6 - 1 2 ) . 

The low estimates relating to the tra f f i c  generated by WIPP at 

the hearing are all based on the pro j ect being l imited to INEL stored 

TRU wa ste . Yet , aga i n , the DE IS conta ins data implying that annual 

shipments wi ll be made from various loc ations in add ition to INEL . 

( See � , DE I S  6 - 1 3 ) . For example , Table 6 - 4  o f  the DE I S  indi cates 

an annual tota l of 1 8 1  ra i l  and 1 8 7  truck shipments from INEL but a 

�otal o f  3 3 8  rail and 4 8 7  truck shipments . 

IV . The Ro le of the State of New Mex i co in Connection with the 
Approva l of the P roj ect . 

At the t ime of the hearings , repre sentat ive s of both DOE and the 

State of New Mexico re ferred to negot iat ions that were then taking 

p lac e re lating to the prec ise de finit ion of " consultation and concur -

rence , "  the phra se used by the President ' s  I nteragency Review Group 
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to describe the role o f  Stat e s  in connect ion with nuc lear wa ste d i s 

posal fac i l it ies . (Tr 1 0 7 4 - 7 5 , 1 7 5 6 )  One witnes s  stated that Con

gres s ional s ource s ob j ected to the concept that " concurrence " amounted 

to a veto ( Tr 1 2 7 3 ,  1 4 5 3 ) ; the S tate of New Mexico , howeve r ,  t e st i 

fied that " a  r ight o f  concurrence also implies the right o f  noncon

currence . "  ( Tr 1 2 0 9 - 1 0 )  

As suming that agreement i s  reached on the appropriate role o f  

the State o f  New Mexico , this role should be d e s cribed i n  the fina l 

E I S . In the event agreement i s  no t reached , the final E I S  should at 

least des cribe the ro l e DOE is wi l l ing for the State of New Mexico 

to play in the f inal dec i s ional proce s s . 

IV . Transportation of Wa ste . 

The DOE pre s entat ion gave con s iderable empha s i s  to the various 

i s sues re lating to the transportat ion of nuc lear waste to the WIPP 

s ite for d i s po s al . Several members o f  the gene ral publ ic a s  wel l  as  

the repre se ntat ive o f  the State o f  New Mex ico also conc entrated on 

i s sues relating to the transportat ion o f  waste . Seve ral d i f fer ent 

problems were rai sed : 

( a )  Ob j ect ions were made that the DE I S  wa s vague and im

prec i s e . Spec i fic route s are not d e s ignated , the packaging in wh ich 

the waste is to be tran sported is not descr ibed ( s ince it is s t i l l  

under deve lopmen t ) , ( Tr 1 2 1 7 - 1 9 ) and even the form in wh ich the 

waste is  tran sported is not ident i f ied . (Tr 1 17 2 , 1 2 9 9 ;  DE I S  5 -2 to 

5- 3 ) . Whi l e it seems clear that absolute prec i sion as to data i s  

neither requi red nor des irable '· addi tiona l informat ion and d ata should 

be incorporated into the f inal E I S  to the extent it is ava i lable . 
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( b )  The most important observat ion i s  that problems re

lated to transportation as pre sented by DOE witne s ses at the hear ing 

gave a p icture of a safer and more respons ible operation than doe s  

the DE I S . (Tr 1 3 1 0 )  For example , the c onsequence ana lys i s  a s sume s 

and starts with an acc ident and a leak . ( DE I S  6- 2 0 )  Thi s  ana ly s i s  

ignores the extens ive engineer ing that i s  apparent ly going into pack

aging and leak reduct ion ; whi ch appear s to reduce s ignificant ly the 

probabi l ity of a leak in the event of an acc ident . The ana lys i s  in 

the DE I S  i s  mis leading becau se i t  assume s that a leak w i l l  occur 

without indic at ing the low probab i lity of an acc ident severe enough 

to breach the packaging . As a result , transportat ion dangers appear 

to be overempha s i z ed by order s of magnitude . (Tr 1 5 1 9 ) 

The pos sibi lity o f  inj ur ies from exce s s  rad ioactivity in an ac

c ident i s  a funct ion o f  several pos s ible var iable s :  

( i )  The probabi l ity o f  the occurrence o f  an acc ident 1 

( i i )  The probab i lity that the package wi l l  be breached 
in the a c c ident ; and 

( ii i )  The probabi l ity that the acc ident wi l l  occur in an 
area in which people may be exposed to radioactivity . 

These variable s ,  it was felt , should be more spec i fi c a l ly addre s sed 

in the t ransportation section of the DE I S . ( See Tr 1 5 2 1-2 2 )  

Even though pos s ib i l ity ( i i )  descr ibed above i s  a sma l l  number 

because o f  the d e s ign of the packaging , the re i s  always the pos s ibi l

ity o f  human error , !.:..S..:.. i in correctly c los ing the package . Thus , 

d iscuss ion o f  the "worst pos s ible " s cenarios in the transportat ion 

area seems appropriate s o  long a s  the p lausab i li ty of the s cenarios 

are put into perspect ive . ( Tr 1 3 0 8 - 1 0 ) Indeed , a DE I S  that pos ited 

c;r12 



no exce s s  rad ioact ivity for every conceivable type of accident might 

lack c redibi l ity with the general publ ic in l ight of we l l  publ ici zed 

instances o f  releases of rad ioactivity in acc idents involving non

defense products . 

( c ) At the hear ing , a number of transportation acc ident s 

involving commerc ial radioact ive materi a l s  were descr ibed . (Tr 1 6 3 0 -

3 2 ) Many were exp la ined on the ground that app l icable regu lations 

were not be ing fol lowed . ( T r  1 4 9 8 - 9 9 , 1 5 1 8 ) The D E I S  may unde r s t a t e  

the r isks of exposure c aused by human error desp ite the exi stence o f  

adequate regu l ations . The DE I S  should be rea s s e s s ed in this r egar d .  

( d )  S imi l ar ly ,  the r i s k s  o f  exposure due to terror i sm a l so 

appear to be understated . Both the DE I S  and the DOE pre sentation 

g ive no information with re spect to terrorism on the theory that suc h 

information may give persons contemp l ating terrorist acts a " cook

book " (Tr 1 1 0 0 ) A que s t ion may be rai sed whether in the long run 

withholding of such informa tion does more harm than good . (Tr 1 5 2 4 ) 

At the hearing , the pos s ib i l ity of terror i sm was minim i z ed on the 

theory that waste shipments are not attractive target s . ( T r  1 1 0 0 ; 

1 2 9 4 - 9 5 , 1 5 1 5 ) No documentation to support th i s  theory was set fort h . 

( e )  In formation i n  the DEIS about increases i n  tra f f ic are 

re late d to traffic in the ent i re State of New Mexico on the theory 

that routes w i l l  be s e l ected by commerc ial carrier s . This obviou s l y  

understates the impact of the WI PP proj ect o n  spec i f ic route s t o  the 

extent those routes are actual ly to be used by many or a l l WI PP-bound 

vehic les . More pre c i s e  information about impact on spec i f i c  routes 

should be provided where fea s ible . (Tr 1 3 0 2 -1 3 0 3 )  
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. ( f )  Cons ideration shou ld also be given to pos s ible bene 

fits and c os t s  of DOE transport , convoys , or e scorts . ( Tr 1 2 9 7 - 9 9 ) 

v .  Geo logy and Hydrology . (The comments in thi s  sect ion are 

prin c ipal ly though not exclus ively those of D r .  Remson ) . 

( a )  Good practice requ ires aqui fer-wide hydrological anal

ys i s  and con s ideration o f  a l l  format ions rather than analy s i s  o f  a 

sma l l  area . (Tr � 3 2 9 )  It appears that the D E I S  mode led only a por

tion of the aqu i fer whic h  was done be fore the hydrologic inve stigat ion 

was comp lete . (Tr 1 3 3 1 )  The se facts make one wonder how and where 

boundary cond i t ions were set on the model s . Apparently the hydrolog

ical mode l ing d id not cons ider natural aqu i fer extens ions into Texas 

e ither . ( See D E I S , § 7 . 3 ) As a result , it i s  d i f f icult to see how 

conclus ions expre s s ed at this hear ing re lating to s c enarios involv

ing a radioact ive leak into an aqu i fer and the effects of aqui fer 

depletions in Texas c an be j ust i f ied . ( Tr 1 3 2 9 - 3 0 ) Furthermore , 

the pos s ible fai lure to del ineate the boundary cond it ions a ccurate ly 

ra ises a que stion as to the val id ity of the ent ire mode l ing e f fort . 

(Tr 1 3 2 9 ) A broader regional analy s i s  should be undertaken to inc lude 

a descr iption of systems hydro logically connected with the WIPP s ite , 

inc luding the Pecos River and aqu i fers that rece ive recharge from the 

Pecos River . (Tr 12 3 2 )  

( b )  I n  connec t ion with the hydrology study the need for 

add it ional we l l s  for ground water s amples wa s emphas i zed . I t  wa s 

pointed out that we l l s  downgrad ient from the d isposal s ite are more 

than a mile apart . It was also sugge s ted that the frequency o f  s amp

l i ng be increased from a quarterly to a monthly s chedu le . ( Tr 1 2 3 3 )  

Q-14 



( c )  Que stions were rai sed at the he aring about the sha l 

low-d i s so l ut ion z one . (Tr 1 1 3 5 )  The DEIS i s  confusing in thi s  re

gard . Figure 7 - 2 5  shows the sha l low d i s so lution to the we st o f  the 

s ite whi le F i gure 7 - 2 7  shows the Rustler thinning , presumab ly due to 

d i s s o lut ion under the s ite . Conce ivab ly the ambiguity arises from 

the definit ion of " sha l low d i s solut ion " which may re fer either to 

"near surface d i s solution " or to a l l  d i s so l ution above the S a lado 

Formation . 

An experienced geologist testi f ied that he believed the th inning 

of the Sa lado s a lt section wa s due more to o f f lap than to d i s solu

tion . (Tr 1 4 0 5 ,  1 4 0 9 )  The DOE contractor gave s imi l ar test imony 

which d i sagrees wi th a study by Ander son . ( Tr 1 4 1 0 - 1 1 , 1 4 1 4 ) Thi s  

i s sue should b e  c l ari f ied i n  the DE I S . 

( d ) One witne s s  re fers to a " dome " under the s ite . (Tr 

1 1 8 9 ) . Thi s  po s s ibi l ity should be re ferred to ( o r  negated ) in the 

f inal E I S . 

( e )  I t  appears to be des irable to dri l l  out some o f  the 

" d i ssolution pipe s "  south o f  the site . ( See Tr 1 4 1 5 ) 

( f )  One experienced geo log i st propo sed that the questions 

re lating to subsur face c onditions should be reviewed by an inde;>en

dent pane l o f  geo log i sts . ( Tr 1 7 3 2 - 3 )  

( g )  The use o f  groundwater for various purpo se s ( dome stic , 

l ivestoc k , etc . ) from the Ru st ler and S anta Ro sa aqua fers between the 

s ite and the Pecos River shou id be tabulated . (Tr 1 2 3 1 )  

( h )  The groundwater mon itoring program ( DE I S , App . J )  should 

be broadened to inc lude chemi c a l  ana l y s i s  of groundwater for d i ssolved 
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solids such as sodium chloride as well as radionuclides in order to 

evaluate the effect of WIPP construction on water quality . (Tr 1 2 3 2-

3 3 )  

( i )  The DEI S  should describe measures that will be taken 

if significant radionucl ide contamination of groundwater actually oc-

cur s . (Tr 12 3 3 )  

VI . Socioeconomic Information . 

While additional soc ioeconomic information was presented at the 

hearing , (Tr 1 5 8 2 - 9 0 )  additional information was requested in several 

other areas : 

( a )  The soc ioeconomic indicators such as probable effects 

on crime , divorce , alcoholism ,  drug abuse , child abuse , and other 

"boom town effects . "  (Tr 11 8 3 , 1 1 9 5 , 1 6 1 5 ) 

(b ) Energy requirements , �' for gasoline and electric ity . 

(Tr 1 3 8 4 ) 

( c )  Quantities of household , sanitary , solid and municipal 

waste , both primary and secondarily generated , by type and source . 

(Tr 1 3 8 2 )  

(d ) Additional state and local fiscal information on added 

revenues and added costs , by time periods , with the number of unem-

plyed persons specified . (Tr 1 3 8 0-8 1 )  

VII . Dama2e to Health b� Low Level 
\ 

The Panel recogniz�s that there is 
\ 
'· 

over the long-term effects of low level 

Radiation . 

lively sc ientific controversy 

rad iation . (Tr 1 3 5 5 ) However ,  

a comparison of energy levels between nuclear waste and e lectric light 

bulbs seems both irrelevant and self-serving . (Tr 1 3 5 6 ) Indeed the 
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public interest and concern about this us sue i s  so great that any at

temped j us t i f i cat ion o f  low leve l s  of radiat ion by a representat ive 

of a contractor who may actua l ly operate the pro j ect i f  it i s  approved 

is l i kely to be cons idered not credible because of a potential con

f l ict of intere st . ( Tr 1 3  6 1 - 6 2 ) 

( b )  The D E I S  doe s  no t d i scuss health e f fects a s  such but 

con s i s tently use s do ses of rad iation as an index of haz ard . Such do s e  

related data should be tran s lated into ant ic ipated he alth e f fec t s  such 

a s  the total number of incrementa l c ancer s , person days los t , ho spi

tal days , and shorten ing o f  l i fe . (Tr 1 1 5 2 -5 3 ) The Panel recogn i z e s  

that such est imate s are ranges rather than prec ise data but sugge s t s  

that they g ive a c learer per spect ive a s  t o  the e f fect of expo sure to 

radiation . (Tr 11 5 4 ) 

( c )  Dose rel ated data impacts shou ld be separate ly e st i 

mated , wher e  po s s ible , for high r i sk groups such a s  chi ldren and preg

nant women . 

( d )  The practice i n  the D E I S  o f  describing expo sure to 

rad iation as a perc entage of background , while technic a l ly accurate 

and generally accepted , tends to ma sk the harmful e ffect of exposure , 

which , of c ourse , i s  in add it ion to natural background rad iat ion that 

wi l l  be ab so rbed in any event . (Tr 1 5 5 4 )  

( e )  The DE I S  desc ribes expo sures from a variety o f  d i f 

ferent sourc e s , � ' from transportation and from emp lacement of the 

waste in WIPP . Nowhere i s  there an aggre gat ion of total exposure of 

the US popu lation to rad i ation as a result of the contemp l ated con

struct ion and operat ion of the WIPP proj ect and the number of health 
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consequences of such expo sure . (Tr 1 1 5 6 - 5 7 ) 

{ f )  The Pane l be l ieve s that i f  the c redibil ity o f  addi-

tional information in this area i s  to be improved , i t may be  appro

priate to have add it ional stud ies prepared by re spected and competent 

persons or organ izat ions who a re not otherwise connected with the 

WIPP pro j ect . 

VI II . The Nature o f  the High Leve l Waste Experiments . 

The DEIS describes the h igh leve l waste exper iments only i n very 

general terms . Whi le some add i tional in formation about the nature of 

the exper iment s and the amount of radioact ivity invo lved wa s pre

s ented at the hear i ng (Tr 1 0 7 6 ,  1 4 9 5 , 1 5 5 2 , 1 7 6 0 - 2 ) , addit iona l infor

mat ion about these expe riments should be pres ented i n the EIS to the 

extent feas ible . {Tr 12 0 3 - 1 2 0 5 )  

IX . Compensat ion to Adversely-Af fected Persons . 

D r . John Cumber land , a member of the Pane l , wa s part icu larly con-

c erned about comment s that res ident s of New Mexico were be i ng a sked to 

share an unreasonable portion of the cost of nuc lear wa ste . He rai sed 

with several witnesses the que stion whether compensat ion might he lp 

to al leviate that imbalance . (Tr 1 4 0 0 , 1 5 3 8 , 1 6 8 4 ) Thi s s uggestion 

is broader in scope than nuc lear wa ste management s i nce i t  would be 

potentially applicab le to many proj ect s having adverse environmental 

consequences , and probably wou ld require enabl ing legi s lation . How

ever . the idea has mer it . A fu l ler statement by Dr . Cumber land ex-

plaining h i s  sugge stion fol lows : 

" THE POTENT IAL CONTRIBUTION OF ECONOMIC INCENTIVES 

" One of the maj or opportunities which has been mi s sed i n  the 

Q-18 



WIPP propo s a l  i s  to make u se o f  the helpful role wh ich 
f i nanc i a l  inc ent ive s could p lay in achie ving a more equi
table and e f f i c ient d i s t ribut ion o f  bene f i t s  and costs o f  
nuc lear wa s te d i spo s a l . A maj or conc ern i n  propos a l s  for 
l arge gove rnmenta l and othe r pro j ec t s  is the d i s c repancy 
between the bene f i t s  and c o s t s  as between i ndividua l s , 
group s , locat ions , and gene ration s .  P r e s umably , the en
t i re na t ion ben e f it s  f rom nuc l e a r  weapo n s  ( a l though many 
would d i s pute t h is ) . What is c l ear i s  that the c o s t s  are 
very unequ a l ly d i s tr ibuted . In t h i s  c a s e , re s id e n t s  o f  
New Mex i c o  a r e  be ing asked t o  bear the heavie s t  burd e n s  a s  
would others a long the transport ation ro� � a s . The re fore , 
provid ing f i nanc i a l  a s s i s tanc e to tho s e  who wanted to move 
could o f fe r  a more equ i table d i stribut ion o f  the c o s t s . 
Whi le mos t  part i e s  would probably re j ect the c oncept o f  a 
" nat iona l s ac r i f ic e  area , "  even low leve l s  o f  r i s k  cause 
pe rce ived d amage s wh ich , are true psycho log i c a l  and the re
fore r e a l  s oc ia l  c o s t s , above and beyond any r e a l  actuar i a l  
r i s k . Wh i l e  many a t  the hearings t o t a l l y  r e j ected the idea 
o f  e conomic a s s i s tance for moving , or other forms o f  f inan
c ia l  compe n s at ion on the ba s i s  that r e s ident ia l  pre ferenc e 
i s  an e n t i re ly d i f fe rent matter from economic c ompen sation , 
(Tr 1 6 8 4 ) other s  ind i c at ed that for s ome who are h igh ly r i s k  

aver s e  and wou ld l ik e  to move , o f fering re loc a t ion a s s i s 
t ance would open a n ew opt ion not previous ly �ava i l ab l e . 
(Tr 1 4 0 0 - 1 4 0 1 )  Thi s opt ion c ould be e spec i a lly valuable to 

pregnant women a nd c h i ldren who might bear a d i s proport ionate 
amount of r i s k . 

" Providing s uc h  re locat i on a s s i s t anc e  need not be e spec ia l ly 
cost ly t o  the g overnment i f  aid we re l imited to f a i r  market 
value of res idenc e s  and s ome rea s onable amount of r e locat ion 
and retraining a i d  with appropr i ate l imitations . Th i s  would 
be an e f f ic ie nt s o lut ion , s i nce l e s s r i s k  ave r s e  pe rsons 
could then be o f f e red an opportun ity to purcha s e  a f fected 
r e s idenc e s  and move into any vac ated j ob s . The fair marke t 
va lue should be determi ned be fore the i n s t i tu t ion o f  WIPP , 
a s  ad j usted for i n f l a t ion . 

" Another d imen s ion o f  equity i n  shar ing the bene f i t s  and 
c o s t s  wou ld be to c ompensate the State of New Me xico for tax 
revenue s lost on minerals at the s i te . Offers could a l so be 
made t o  prov ide a l te rnat ive water s upp l i e s  for any who s e  
water was contami nated and/or to provide land purcha s e  and 
r e locat ion for tho s e  e ngaged in agriculture , commerce , or 
industry wh ich would be adve r s e ly a f f ec ted by WIPP . 

" Add i tion a l  e c onomic inst rument s shou ld be cons idered i n  �he 
c a s e  of he alth and property d amage to tho s e  who rema in as a 
r e s u l t  of acc ident s  or othe r types o f  e xposure . The Depart
ment of Energy and the Federal Gove rnment s ho u ld addres s 

Q-1 9  



several a spec t s  o f  thi s prob lem which current ly are unc lear , 
such as : wou ld the exi stenc e  of workman ' s  compensation laws 
prevent adequate compensat ion to any inj ured or damaged? I f  
so , a lternat ive adequate compensat ion s hould be e s tabl i shed . 
Additiona l ly , a long carc inogen ic lag might prevent compen
sat ion to those who s e he alth damage was not apparent for 
many year s . In the i nterest of fairne s s , appe arance of ra
d iation-related type s of he alth damage shou ld be presumed to 
res u lt from the WIPP pro j ect , even if it could not be stat i s 
t ic al ly or med ic a l ly proven . 

" E stab l i shment of these forms of compensation and aid wou ld 
not s at i s fy a l l  of tho se who obj ect to potent ial damage to 
the ir health , property , and land , but it might reduce the 
perceived l eve l of inj ustice and recurr ing d i screpancy be
tween the be nefits and costs o f  maj or nuc lear and even other 
energy fac il i ties and large pro j ects which peop le now view 
a s  beyond the i r  control . "  

x .  Mis ce l laneou s . 

During the course of the he aring s  a number o f  misc e l laneous sug-

ge st ion s and recommendat ion s  we re made on a variety of subj ect s , in-

e luding the fol lowing : 

( a )  Empha s i s  s hould be g iven t o  the obj ective o f  proceed-

ing wi th waste d ispo s a l  " by del iberate s teps in a technica l ly con ser-

vat ive manner . "  ( Tr 1 2 3 3-3 4 )  

( b )  A cont i nu ing reasses sment of p lans for the d i sposal o f  

transuran ic was te at the WIPP s ite should b e  undertaken , particularly 

with respect to other di sposal s ite s . I f  other s ites are shown to 

provide equally safe s torage for this kind o f  waste , it wa s sugge sted , 

the advant ages of reduced quant itie s o f  waste storage at a s i ng le 

site should be c are fu l ly cons idered . ( Tr 1 2 3 4 )  I n  a s imi lar vein , 

several persons sugges ted that the WIPP pro j ect should be de ferred 

unt i l  other s ite s are i nves tigated , (Tr 1 4 2 7 ) though it wa s a l so 

pointed out that the ques tion i s  whether this s i te i s  suitable , not 
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whe ther it i s  the be st poss ible s i te . (Tr 1 0 7 7 ) It was po inted out 

that with the e l iminat ion of spent fuel a s semblie s ,  the ur genc y be 

hind the project has decreased . (Tr 1 2 0 7 ) However , the Panel also 

wishes to po int out that ear lier hearings revea led that the wa s tes 

are current ly stored in areas that over lie import ant aquifers i n  

Idaho , and there fore their present location i s  not su itable . 

( c ) Sect ion 7 . 2 . 6  of the DEIS shou ld be e xpanded to de

scribe the e f fect maximum acce lerations caused by se ismic e f fects 

might have on the stab i l ity o f  the waste-storage area , the retre iva

b i lity of stored was te , and the potent ial for l iquid breach of the 

s i te .  If no such e f fec ts are l ikely , the E I S  shou ld so state . (Tr 

1 2 3 1 )  

(d ) The DEI S  i s  interna l ly incons i stent � i nce i t  s tates 

that groundwater from the S anta Rosa and Rust ler is u s ed on ly for 

l ivestock and potash mining . ( Section 7 . 3 . 2 )  but later states that 

water is u sed for human c onsumption at the Jame s ranch ( DEI S , J - 2 8 ) . 

(Tr 1 2 3 1 )  This minor i ncons i s tenc y shou ld be c orrected . 

( e ) It  was sugge sted that analy s i s  o f  the four scenarios 

i nvolving breach o f  the WIPP s i te by water should be broadened by 

estimat ing the e f fects of a breach immed iately fo l lowing site clo

sure ( as  we l l  a s  the 1 0 0  year and 1 0 0 0  ye ar as sumptions ) . (Tr 1 2 3 2 )  

( f )  One witness po inted out an incons i stency i n  the DE I S  

treatment of endangered spec ies , stat ing in one place that there 

were no e ndangered spec ies known to inhabit the s ite but referring 

to endangered spec i es  at another p lace . ( Tr 1 4 6 2 - 6 3 )  

( g )  Wh i le the hear i ng produc ed some information about the 
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avai lab i l i ty of i nsuranc e for acc ident or inj ury , (Tr 1 2 9 2 -9 4 , 1 0 9 8 -

9 9 ) it was sugges ted that the E I S  should c ontain information about 

the location of l iab i l i ty ( as among the Federa l Government , commer

c ial ope rator s and commerc i a l  tran sportat ion faci litie s )  (Tr 1 2 0 8 , 

1 3 6 2 )  for such event s . The po s s ib le ef fects of workmen ' s  compensa

t ion and the Price-Anderson Act shou ld a l so be d iscussed . (Tr 13 6 2 -

6 3 )  
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